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INTRODUCTION 

THIS  book  aims  at  providing  the  airman  with  a  reason- 
ably complete  outline  of  such  knowledge  as  he  ought 
to  possess.  The  title,  "  Airman/'  designates  primarily 
the  pilot,  together  with  all  who  actually  fly,  but  it  is  also  intended 
in  its  wider  application  to  include  the  director,  the  manager, 
etc.,  of  commercial  enterprises  connected  with  aviation,  as  well 
as  that  very  important  person,  the  mechanic,  the  value  of 
whose  interest  and  intelligent  co-operation  is,  unfortunately, 
often  under-estimated.  It  is  hoped  that  the  book  may  also 
prove  of  interest  to  persons  less  directly  concerned  with  its 
subject. 

The  ideal  airman  must  necessarily  be  somewhat  versatile. 
He  must  have  in  him  something  of  the  sailor,  the  engineer, 
and  the  scientist,  added  to  which  he  must  possess  more  than 
an  average  share  of  common  sense. 

The  title,  "  Complete  Airman,"  is  inevitably  somewhat  mis- 
leading, since  it  is  obviously  impossible  to  compress  within 
the  limited  space  available  in  a  book  of  this  type  more  than 
a  very  small  proportion  of  the  matter  which  covers  so  wide 
a  field.  The  fact  that  it  is  written  with  a  view  to  being  of  use 
and  of  interest  to  such  widely  differing  classes  of  airmen  further 
adds  to  the  difficulty  of  choosing  what  to  include  and  what  to 
omit. 

Theory  as  such  has  as  far  as  possible  been  everywhere  avoided. 
The  aim  throughout  has  been  to  enunciate  fundamental  prin- 
ciples and  to  point  the  way  to  their  development  rather  than 
to  describe  the  actual  practices  ultimately  resulting  from  them. 
No  catalogue  of  isolated  facts,  however  complete,  is  to  be  com- 
pared, from  the  point  of  view  of  general  utility,  with  a  sound 
knowledge  of  principles,  backed  by  common  sense  in  their 
practical  application.  The  illustrations  are  mainly  diagram- 
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matic,  and  are  in  all  cases  designed  to  make  principles  clearer 
and  more  obvious. 

The  subject-matter  of  the  book  has  been  split  up  into  sections. 
Each  chapter  aims  at  dealing  with  one  of  these.  The  chapters, 
while  thus  available  separately  as  a  brief  study  of  the  particular 
subject  with  which  they  severally  deal,  nevertheless  follow  one 
another  in  such  a  way  as  to  form  a  continuously  developing 
course,  which  gives  to  the  whole  a  certain  element  of  com- 
pleteness. 

The  first  four  chapters  are  devoted  entirely  to  theory.  The 
first  consists  of  a  brief  survey  of  certain  principles  of  elementary 
mechanics,  together  with  a  few  remarks  on  the  flow  of  air.  It 
is  designed  to  refresh  the  reader's  memory  as  to  matters  prob- 
ably less  familiar  now  than  in  former  days.  It  is  further 
intended  to  emphasise  the  fact  that  there  is  no  mystery  in  the 
phenomenon  of  flight,  and  that  a  comparatively  elementary 
knowledge  of  ordinary  mechanics  suffices  to  explain  the  problems 
of  flight  in  general. 

Chapters  II,  III,  and  IV  deal  with  the  theory  of  flight. 
They  lay  no  claim  to  completeness,  but  should,  it  is  thought, 
be  sufficient  to  put  the  reader  in  the  way  of  understanding 
the  theoretical  aspect  of  most  practical  problems,  chiefly  by 
referring  him  to  first  principles.  He  is  therefore  urged 
thoroughly  to  master  these  chapters  if  not  already  familiar 
with  their  subject-matter. 

The  care  and  construction  of  machines  have  been  dealt 
with  in  subsequent  chapters,  and  this  from  an  essentially 
practical  point  of  view. 

The  principles  of  actual  flying  and  of  instruction  in  this 
are  elsewhere  discussed.  A  certain  amount  of  space  has  been 
devoted  to  rules  and  advice  which,  while  by  no  means  new  to 
the  average  pilot,  are  unfortunately  less  often  acted  upon  than 
should  be  the  case. 

Chapters  dealing  with  such  matters  as  may  be  described 
as  auxiliary  equipment,  namely,  sheds,  aerodromes,  etc.,  have 
been  included.  Airships,  seaplanes,  etc.,  have  also  received 
brief  mention. 

The  financial  value  of  a  sound  knowledge  of  aeronautics 
will  be  apparent  to  all  airmen  engaged  in  commercial  enterprise. 
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The  general  cost  of  wear  and  tear  in  any  flying  concern  must 
inevitably  form  a  very  high  percentage  of  the  working  expenses. 
Nothing  can  so  effectually  reduce  the  amount  of  this  outlay  as 
a  good  practical  grasp  of  the  principles  of  aeronautics  generally 
on  the  part  of  all  concerned.  For  example,  "  wear  and  tear  " 
includes  "  crashes,"  which  are  nearly  always  the  result  of  either 
ignorance  or  carelessness. 

Owing  to  the  wide  field  which  has  to  be  covered,  even  in 
an  elementary  work  such  as  the  present  one,  it  is  impossible 
to  more  than  touch  on  the  various  subjects  involved.  It  is 
no  easy  matter  to  allot  the  available  space  amongst  these,  or 
to  decide  as  to  their  relative  importance.  In  this  the  personal 
equation  which  can  never  wholly  be  eliminated  adds  a  further 
complication.  Points  which  present  considerable  difficulty  to 
one  airman,  and  are  therefore  of  the  greatest  importance  to 
him,  are  relatively  unimportant  to  another  whose  difficulties 
perhaps  lie  in  quite  a  different  direction.  Herein  lies  the  main 
problem  from  the  writer's  point  of  view,  namely,  what  to  include, 
what  to  exclude,  what  to  emphasise,  and  what  to  pass  over 
with  as  brief  a  mention  as  possible.  Suggestions  as  to  modifica- 
tions in  these  respects  will  be  welcomed. 

A  further  difficulty  lies  in  the  fact  that  the  aeroplane  must 
necessarily  undergo  a  certain  process  of  evolution  as  the  result 
of  the  change  from  war  to  peace  conditions.  Whereas  in 
war-time  the  chief  necessities  were  speed  climb  and  "  manoeuvre- 
ability,"  the  main  needs  of  peace-time  aviation  are  reasonable 
speed  combined  with  capacity  for  weight-carrying,  and  economy 
of  running  and  upkeep.  In  any  case,  however,  it  is  tolerably 
certain  that  many  years  must  elapse  before  this  evolutionary 
process  results  in  the  production  of  the  "  fool-proof  "  aeroplane, 
the  flying  and  care  of  which  necessitates  no  technical  knowledge 
whatsoever. 

In  conclusion  the  author  wishes  to  thank  all  the  various 
makers  who  have  so  kindly  supplied  photos  of  machines,  engines, 
etc.,  as  illustrations  for  this  book.  He  wishes  also  to  express 
his  gratitude  to  Mr.  G.  Watts  for  his  valuable  help  in  reading 
through  some  of  the  chapters,  and  for  making  many  valuable 
suggestions  with  regard  to  them. 
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CHAPTER   I 
MECHANICS 

THIS  chapter  is  intended  to  put  before  the  reader  the 
minimum    amount    of    theoretical   mechanics   required 
to  enable  him  to  understand  the  terms  and  explanations 
which  occur  in  other  parts  of  the  book. 

The  vector  method  of  indicating  forces  and  velocities  graphi- 
cally is  very  commonly  used  in  mechanics.  A  force  or  velocity 
may  be  fully  represented  by  a 
straight  line.  The  angle  at  which 
it  is  drawn  shows  its  angle  relative 
to  other  forces  or  velocities.  The 
sense  in  which  it  acts  is  indicated 
by  an  arrowhead.  The  line  is 
termed  a  "  Vector."  Diagrams 
of  forces  only  will  be  here  dis- 
cussed. Consider  the  simple  case 
of  a  system  of  weights  supported 
by  strings  over  pulleys,  as  shown 
in  Fig.  i.  The  forces  acting  at 
the  centre  are  the  pulls  of 
the  two  strings  and  the  force 
of  gravity  (i.e.  its  own  weight) 

acting  vertically  downwards.  Supposing  that  the  weight  of  the 
body  be  3  Ibs.,  the  vector  diagram  representing  the  forces 
acting  on  it  is  as  shown.  Obviously  the  system  will  move  into 
such  a  position  that  it  is  in  equilibrium.  That  is  to  say,  it  will 
i 
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move  so  as  to  adjust  the  angles  at  which  the  various  forces  act 
until  they  balance  one  another.  If  the  vectors  representing  the 
three  forces  acting  are  drawn  in  order,  the  second  commencing 
from  the  end  of  the  first,  and  the  third  from  the  end  of  the  second, 
it  will  be  found  that  they  will  form  a  closed  figure.  This  is 
found  to  be  true  for  all  systems  in  equilibrium,  and  leads  to  the 
law  of  the  Polygon  of  Forces.  This  states  that  if  a  body  be  in 
equilibrium  under  the  action  of  a  number  of  forces,  the  lines  of 
action  of  which  pass  through  one  point,  then  the  vectors  repre- 
senting these  forces  when  taken  in  order  form  a  closed  polygon. 
Consider  once  more  the  system  shown  in  Fig.  i  (which  also 

shows  the  Polygon  of  Forces  for 
this  case) .  As  only  three  forces 
are  involved,  the  resulting  figure 
is  a  triangle — that  is  to  say,  the 
simplest  form  of  polygon.  It  is 
drawn  as  follows :  Adopting  any 
convenient  scale,  draw  a  line  ab, 
in  length  and  direction  equal 
and  parallel  to  the  force  ab,  i.e. 
the  weight.  From  b  draw  be 
equal  and  parallel  to  the  force 
be.  From  c  draw  ca  equal  and 
parallel  to  the  force  ca.  As  the 
system  is  in  equilibrium,  the 
triangle  will  close.  The  system 
of  notation  adopted  above — i.e. 
placing  the  letters  serially  between  the  lines  of  action  of  the 
various  forces  and  adopting  them  for  the  angular  points  of  the 
vector  diagram — is  known  as  Bowe's  notation.  Its  advantages  are 
obvious,  and  it  should  always  be  used  in  problems  of  this  nature. 

The  resultant  of  two  or  more  forces  is  the  force  equal  and 
opposite  to  that  force  which  is  required  to  keep  them  in  equili- 
brium. In  the  system  just  discussed  the  resultant  of  be  and  ca 
is  equal  and  opposite  to  ab. 

To  consider  a  more  complicated  case  :  Take  the  fuselage  joint 
shown  in  Fig.  2.  Suppose  that  the  forces  in  the  struts  B  and  C 
and  in  the  wire  Y  are  known.  The  problem  is  to  find  the  forces 
in  the  strut  A  and  the  wire  X.  It  is  possible  to  draw  three  sides 
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of  the  polygon,  namely,  ab,  be,  and  cd.     Drawing  de   and    ea 

parallel  to  the  respective  forces  gives  us  the  intersecting  point  e, 

and  fixes  the  magnitude  of  the  unknown  forces. 

Up  to  the  present,  only  the  equilibrium  of  forces,  the  lines  of 

action  of  which  pass  through  a  common  point,  has  been  considered. 

Suppose  a  body  be  acted  on  by  three  equal  forces  at  120°,  the 

lines  of  action  of  which  do  not  all  pass 

through  one  point  (see  Fig.  3) .     Were 

the  force  C  to  act  at  a  point  on  the 

line  XY  the  law  of  the  Polygon  of 

Forces    would   be    satisfied.      What, 

then,  is  the  effect  of  the  forces  not 

passing  through    a    common    point  ? 

It  is  evident  that  the  body  tends  to 

turn  —  in  this    case    in    a    clockwise 

direction.     The  body  will  continue  to 

rotate  until  it  assumes  a  position  of 

equilibrium.    This,  of  course,  demands 

that  the  lines  of  action   of   the  forces  shall  pass  through  one 

point,  and  that  the  Polygon  of  Forces  is  satisfied.     This  leads 

to  the  other  great  law  of  equilibrium,  the    Law   of   Moments, 

which  states  that  if  a  body  is  in  equilibrium  under  the  action  oi 

a  number  of  forces,  the  sum  of  the  moments  of  these  forces  about 

any  point  must  be  zero.     The  moment  of  a  force  about  a  point 

is  the  amount  of  the  force 
multiplied  by  the  distance 
of  its  line  of  action  from  the 
point.  It  is  considered  + 
when  acting  in  an  anil- 
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clockwise,  and  —  when 
acting  in  a  clock-wise 
direction.  It  may  be  expressed  in  foot-lbs.  or  inch-tons,  or  in 
any  other  convenient  unit. 

Take  the  simplest  application — the  lever  illustrated  in  Fig.  4. 
The  force  P  required  to  lift  the  weight  W  may  first  be  found.  The 
forces  acting  on  the  lever  are  P,  W,  and  F  (F  being  the  force  at  the 
pivot) .  F  is  neither  known  nor  required  to  be  known  ;  moments  are 
therefore  taken  about  B,  which  is  on  the  line  of  action  of  F,  thereby 
excluding  it  from  the  calculation.  From  the  law  of  moments  : 


THE  COMPLETE  AIRMAN 
PxAB=WxBC 


Were  it  necessary  to  find  the  value  of  F,  moments  would  be 
taken  about  A.  The  forces  need  not,  of  course,  be  parallel. 
In  Fig.  5  the  law  of  moments  would  be  satisfied,  provided 
that  either 

FxAB=WxAZ 

or 
PxBX=WxBY 

moments  being  taken  about  A  or  B  respectively. 

The  method  of  calcu- 
lating the  centre  of  grav- 
ity of  a  body  is  arrived 
at  by  applying  the  law 
""  V  i      of  moments.     The  centre 
of  gravity  of  a  body  is 
W      that  point  at  which  the 
resultant  of  the  forces  due 
to  gravity  on  the  body 
FlG'  5<  may  be  considered  to  act. 

For  example,  it  is  evident  that  the  centre  of  gravity  of  a  uniform 
rod  is  its  centre  point,  likewise  the  centre  of  gravity  of  a  square 
plate  of  uniform  thickness  is  at 
the  intersection  of  its  diagonals. 
As  a  more  complicated  illustration 
the  centre  of  gravity  of  a  very  light 
rod,  AC  with  weights  P,  Q,  and  R 
on  it,  shown  in  Fig.  6,  may  be  FIG  6 

found.     The  resultant  force  will 

act  at  some  intermediate  point  B.     Its  magnitude  is  necessarily 

P+Q+R=G. 

By  taking  moments  about  A  : 

QxAD+RxAC=GxAB 
or  by  taking  moments  about  C  : 

PxCA+QxCD=GxCB 
from  either  of  which  equations  the  position  of  B  may  be  found. 
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There  is  a  very  simple  experimental  method  of  finding  the 
centre  of  gravity  of  complicated  bodies.  Since  the  centre  of 
gravity  of  a  body  is  that  point  through  which  the  resultant  force 
due  to  gravity  acts,  then  the  body  will 
necessarily  balance  about  that  point. 
Suppose  it  is  required  to  find  experi- 
mentally the  centre  of  gravity  of  an 
irregularly  shaped  body,  as  shown  in 
Fig.  7.  If  suspended  by  a  string  from 
the  point  H  the  resultant  force  of 
gravity  is  evidently  on  the  vertical  line 
of  suspension  HX.  It  is  then  hung 

from  another  point  B,  the  line  BY  being  found.  The  centre  of 
gravity  is  necessarily  at  the  intersection  of  these  two  lines, 
namely,  the  point  G. 

Centrifugal  forces  are  frequently  met  in  considering  problems 
of  practical  aviation.  When  a  weight  is  rotated  about  an  axis 
which  does  not  pass  through  its  centre  of  gravity  it  has  a  tendency 
to  fly  outwards  ;  the  amount  of  this  force  is  expressed  thus  : 


W=  Weight  of  the  body. 
V=Its  velocity  in  feet  per  second. 

R=  Radius  in  feet  at  which  its  centre  of  gravity  rotates. 
g=The  acceleration  due  to  gravity  (32*2  feet  per  sec.  per  sec.). 

This  force  acts  radially  at  the  centre  of  gravity  of  the  body. 
It  is  thus  that  the  forces  which  are  brought  into  play  when  an 
aeroplane  turns,  or  the  out-of-balance  forces  due  to  an  ill-balanced 
propeller,  are  calculated.  An  important  point  to  notice  is  that 
the  force  varies  as  the  square  of  the  speed.  The  importance  of 
small  out-of-balance  masses  when  moved  at  a  high  speed,  as,  for 
example,  in  the  case  of  a  propeller,  is  thus  evident. 

The  horse-power  is  the  unit  of  work,  and  is  defined  as  33,000 
foot-lbs.  per  minute.  That  is  to  say,  it  is  equal  to  the  lifting  of 
a  weight  of  33,000  Ibs.  through  a  distance  of  one  foot  in  one 
minute,  or  the  equivalent  of  this,  e.g.  1000  Ibs.  through  66  feet 
in  two  minutes.  As  an  example,  suppose  that  the  head  resist- 
ance of  a  machine  going  at  a  speed  of  60  miles  an  hour  is  400  Ibs. 
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It  travels  5280  feet  per  minute  ;  therefore,  2,112,000  foot-lbs. 
of  work  are  done  per  minute,  and  the  horse-power  necessary  is 
approximately  64. 

Another  mechanical  term  which  is  frequently  met  with, 
and  has  considerable  application  in  aeroplane  design,  is  Torque. 
The  torque  of  a  force  is  the  twisting  moment  which  it  exerts, 
and  is  measured,  as  are  all  moments,  by  a  force  multiplied 
by  a  distance,  usually  in  foot-lbs.  Engine  Torque  may  be 
considered.  The  turning  moment  required  to  force  the  pro- 
peller through  the  air  absorbs  the  whole  of  the  available  power 
of  the  engine.  Suppose  that  this  turning  moment  is  equivalent 
to  a  weight  of  M  Ibs.  at  L  feet,  the  moment  or  torque  is  then 
ML  foot-lbs.  In  relating  torque  to  horse-power  it  must  be 
remembered  that  the  weight  travels  the  complete  circumference 
of  the  circle,  therefore — time  being  calculated  in  minutes, 
weights  in  Ibs.,  and  distances  in  feet : 

2?rL  x  revolutions  per  min.  x  M 

33,000 
33,000  x  H-P 


or  Torque  =  ML  = 

27r  x  revs,  per  mm. 

Action  and  reaction  are  equal  and  opposite.  Thus,  if  the  engine 
is  exerting  a  torque  of  200  foot-lbs.  on  the  propeller,  the  machine 
must  exert  an  equal  and  opposite  torque  on  the  engine  to  prevent 
it  from  turning.  For  this  reason  machines  are  commonly  arranged 
with  slightly  more  lift  on  one  side  than  the  other.  A  machine 
having  a  propeller  which  rotates  clockwise  when  looked  at  in 
front  must  therefore  have  slightly  more  lift  on  the  right  hand 
or  starboard  planes,  i.e.  those  on  the  right-hand  side  of  the  pilot 
when  he  is  sitting  in  the  machine. 

Since  air  is  the  medium  in  which  an  aeroplane  moves 
the  reader  should  have  some  knowledge  of  the  laws  concerning 
the  flow  of  gases.  There  are  two  quite  distinct  forms  of  flow 
— streamline  flow  and  eddying  flow.  Air  is  said  to  flow  in 
stream  lines  when  each  particle  may  be  considered  as  following 
a  perfectly  definite  steady  path  in  the  direction  of  the  general 
motion.  The  course  of  any  of  the  particles  would  in  no  way 
be  affected  if  a  number  of  very  thin  tubes  were  to  be  inserted 
in  the  lines  of  the  flow.  When  air  flows  in  a  streamline  manner 
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comparatively  little  energy  is  required  to  move  it.  Eddying 
flow  occurs  when  the  particles  of  air  are  so  disturbed  that  they 
eddy  round  and  round  in  addition  to  moving  in  the  general 
direction  of  the  motion.  This  eddying  is  a  source  of  loss  partly 
on  account  of  the  fact  that  the  particles  travel  much  farther 
and  faster  than  is  necessary,  and  partly  because  of  the  friction 
between  the  particles.  The  designer  of  an  aeroplane  aims  at 
avoiding  this  eddying  flow  as  far  as  possible.  It  arises  from  three 
main  causes.  The  first  is  friction  and  excessive  velocity.  If 
air  is  forced  through  a  passage  at  an  excessive  speed  eddying 
flow  is  always  induced.  The  second  cause  is  too  sudden  changes 
in  the  direction  of  flow  of  the  air  due  to  sharp  corners,  etc.  The 
third  cause  may  be 
expressed  as  "  expan- 
ding flow."  The  first 
two  causes  are  perhaps 
sufficiently  obvious  to 
make  further  explana- 
tion unnecessary.  The 
third  requires  some 
comment,  especially  as 


c-r 


its  practical  applica- 
tion is  of  the  utmost 
importance.  Consider  FIG.  8. 

air  passing  in  a  stream- 
line manner  through  a  constricted  passage,  as  in  Fig.  8  (I). 
As  the  air  passes  to  the  narrow  portion  B  the  streamlines  con- 
tract in  cross  section,  the  velocity  of  the  particles  being  increased 
correspondingly.  As  the  streamlines  pass  from  B  to  C  their 
cross  section  increases  and  the  velocity  of  the  particles  becomes 
reduced.  It  is  in  the  expanding  streamlines,  as  at  BC,  that  eddy- 
ing most  readily  occurs.  That  is  to  say,  supposing  that  in  a 
short  length  of  tube  it  were  necessary  to  make  a  constriction 
of  such  form  as  would  be  least  liable  to  interfere  with  the  stream- 
line flow,  a  section,  as  indicated  in  Fig.  8  (II),  would  be  adopted, 
the  air  flowing  in  the  direction  of  the  arrow.  The  application 
of  this  to  aeroplane  design  may  now  be  considered.  Suppose 
air  is  flowing  past  a  strut  or  other  section  in  a  streamline  manner, 
as  indicated  in  Fig.  9.  When  the  speed  is  increased  it  is  at  B 
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that  unsteady  flow  may  be  expected ;  thus  it  is  at  the  part  aft 
of  the  widest  section  that  most  attention  must  be  paid  to 
streamlining.  The  resulting  section  adopted  is  therefore  usually 
as  indicated  in  the  figure. 

The  following  law,  which  is  approximately  correct  for  con- 
ditions met  with  in  practice,  is  exceedingly  important : 

P=KA/>V2 

or,  in  words,  the  force  P  required  to  propel  a  body  through 
the  air  is  proportional  to  the  area  of  the  body  A,  the 
density  of  the  air  p,  and  the  square  of  the  velocity  V 
at  which  it  is  travelling,  K  being  a  constant.  This  law  is  of 
extreme  importance  when  regarding  problems  of  flight  from  a 
theoretical  standpoint.  Its  general  application  is  worthy  of 
analysis.  First,  the  force  is  proportional  to  the  area.  This  fact 
is  sufficiently  obvious  and  requires  no  comment.  Secondly,  the 

force  is  proportional  to  the  density  of 
the  air ;  this  means  that  the  higher  a 
machine  is  flying,  and  consequently 
the  less  the  density  of  the  air,  the 
smaller  the  force  required  to  propel  it 
~\g  at  the  same  speed.  Thirdly,  the 

FIG.  9.  question  of  the  effect  of  velocity  may 

be  considered.    The  force  varies  as  the 

square  of  the  velocity  ;  thus,  if  the  speed  of  a  machine  is  doubled, 
the  engine  pull  must  be  multiplied  by  four,  or  the  actual  horse- 
power by  eight.  This  explains  the  exceptionally  high  powers 
necessary  when  extreme  speed  is  required.  Further,  consider  the 
effect  of  loading  on  the  landing  speeds  of  a  machine.  The  velocity 
of  the  machine  through  the  air  induces  the  forces  which  support 
it.  To  double  the  weight  of  the  machine  will  increase  its 
minimum  landing  speed  by  about  40  per  cent.  (i.e.  V2-i). 

The  law  P  =  KApV2  is  mathematically  correct  for  the 
streamline  and  frictionless  flow  of  non-viscous  air  past  bodies 
of  similar  shape.  No  bodies  met  with  in  practice  can  exactly 
satisfy  these  conditions,  nor  can  the  viscosity  of  air  be  entirely 
neglected.  By  suitably  increasing  the  value  of  K,  the  equation 
may,  however,  be  applied  with  tolerable  accuracy  to  the  practical 
cases  met  with  in  design.  The  values  of  K  have  been  obtained 
experimentally  for  most  of  the  sections  in  common  use 
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The  Centre  of  Pressure  of  a  surface  or  body  situated  in  a 
current  of  air  is  that  point  at  which  the  resultant  of  all  forces 
due  to  the  pressure  of  the  air  on  the  body  may  be  considered  to 
act.  It  should  be  noted  that  this  definition  is  analogous  to 
the  definition  of  centre  of  gravity. 

Skin  friction  between  the  air  and  the  various  surfaces  of 
the  machine  is  another  unavoidable  source  of  loss  of  power. 
This  again  varies  approximately  as  the  square  of  the  speed. 
For  this  reason  it  will  be  noted  that  an  increase  in  the  value  of 
K  in  the  equation  already  referred  to  will  for  similar  bodies 
also  take  care  of  the  effects  of  friction. 


FIG.  10. 


CHAPTER    II 
THEORY  OF  FLIGHT 

SUPPOSE  a  long  flat  section  plate  be  situated  in  a  current 
of   air,  its  long  dimension  -being  at  right  angles  to  the 
direction   of    the  air  flow.     Let  it  make   a  small  angle 
with  the  direction  of  the  flow.     The  nature  of  the  air  currents 
round  it  will  be  somewhat  as  indicated  in  Fig.  10.     At  the  lower 

surface  the  flow  is  practically  stream- 
line, a  positive  pressure  being  pro- 
duced on  the  plate  by  the  deflection 
of  the  air  flow.  The  state  of  affairs 
at  the  top  surface  is  more  compli- 
cated. Were  the  flow  slow,  stream- 
line flow  would  also  be  attained  here, 
the  then  downward  deflection  of  the 

streamlines  producing  a  suction  or  negative  pressure  on  the 
surface.  As  a  matter  of  fact,  at  the  air  speeds  met  with  in 
practice,  eddies  as  indicated  are  induced 
on  the  top  surface.  This  eddy  area 
produces  a  much  lower  pressure  than 
would  be  produced  by  streamline  flow. 

The  force  exerted  on  a  surface  by  a  gas, 
assuming  no  friction,  is  always  at  right 
angles  to  the  surface.  Let  the  force  P  be 
the  resultant  of  the  pressure  of  the 
air  on  the  plate,  it  acts  at  some  point 
C  (see  Fig.  u),  which  is  the  centre  of  pressure.  Owing  to 
the  surface  friction  (to  which,  in  the  case  of  practical  wing 
sections,  may  be  added  other  effects)  the  direction  of  P  is  not 
quite  at  right  angles  to  the  plate.  The  force  P  may  be 
resolved  into  two  equivalent  forces — one  D  parallel  to  the 


FIG.  ii. 
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direction  of  the  air  current,  the  other  L  at  right  angles  to 
it.  The  angle  6  being  small,  and  the  resultant  force  P 
being  approximately  normal  to  the  plate,  it  follows  that  L  is 
large  compared  with  the  D.  Therefore,  by  means  of  a  compara- 
tively small  tractive  or  propelling  force  a  large  weight  can  be 
supported.  This  is  the  fundamental  principle  from  which  the 
aeroplane  has  been  developed. 

If  the  condition  of  horizontal  flight  be  assumed,  L  becomes 
the  vertical  component  of  P,  and  D  the  horizontal.  For  practical 
purposes  it  is  usually  convenient  to  consider  the  forces  on  an 
aeroplane  in  the  components  indicated.  The  vertical  component 
L,  known  as  the  "  Lift,"  supports  the  machine  and  its  load  in 
the  air,  being  at  right  angles  to  the  direction  of  flight,  it  exerts  no 
drag  or  fore  and  aft  effect,  thus  having  no  effect  on  its  speed. 
On  the  other  hand,  the  force  D,  known  as  the  "  Drag/'  is  that 
component  of  the  air  pressure  in  the  direction  of  flight.  It 
does  not  in  any  way  support  the  weight,  but  is  the  total  force  to 
be  overcome  in  dragging  or  propelling  the  aeroplane  through 
the  air. 

The  following  nomenclature  is  universally  adopted.  Re- 
ferring to  Fig.  n,  the  plate  may  be  called  an  "  Aerofoil," 
this  being  a  general  term  applied  to  all  plane  sections.  The 
line  AB  is  called  the  Chord.  B  is  called  the  Leading  Edge, 
and  A  the  Trailing  Edge.  The  angle  0  is  known  as  The  Angle 
of  Incidence.  The  length  of  the  aerofoil  (at  right  angles  to  the 
section  shown  in  the  figure)  is  termed  the  Span. 

Consider  the  aerofoil  shown  in  Fig.  n  as  a  weight-carrying 
aeroplane.  If  the  aerofoil  itself  be  assumed  to  have  no  weight, 
a  weight  equal  to  L  being  concentrated  at  C,  then,  by  applying 
(say,  by  means  of  a  cord)  a  steady  force  of  D  at  the  point  C,  the 
plate  would  be  propelled  forward  horizontally  with  velocity  V 
relative  to  the  air. 

The  relation  between  the  angle  of  incidence  and  the  air- 
speed for  horizontal  flight  should  be  noted.  Consider  the  case 
illustrated.  With  the  angle  6  and  the  speed  V,  a  load  L  is 
supported.  If  V  is  increased,  the  angle  of  incidence  must  be 
reduced  or  the  lift  becomes  greater  than  the  load,  thus  upsetting 
the  equilibrium.  The  speed  of  an  aeroplane  in  horizontal  flight, 
therefore,  is  fixed  entirely  by  the  angle  of  incidence.  The  effect 
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on  the  relative  values  of  L  and  D  of  varying  the  angle  of  incidence 
may  now  be  considered.  In  order  to  carry  as  much  weight  as 

L 
possible  with  the  minimum  power,  it  is  evident  that  the  ratio  ,-, 

must  be  as  great  as  possible.  This  ratio  is  called  the  "  lift-drag 
ratio  "  of  an  aerofoil  or  of  an  aeroplane,  and  is  a  measure  of  its 
efficiency. 

Let  the  effect  of  the  angle  of  incidence  on  the  efficiency  be 
considered.  It  is  not  difficult  to  do  this  quantitatively  ;  for  the 
present  purposes,  however,  a  simple  qualitative  consideration 
will  suffice.  The  plane  is  most  efficient  as  a  weight  carrier  at 

that  value  of  0,  which  makes  the  ratio  ^  a  maximum      This 

angle  is  termed  the  Optimum  Angle.  D  is  in  part  due  to  air 
friction  and  in  part  due  to  the  inclination  of  the  plate  to  the 
direction  of  the  air  motion.  The  frictional  component  at  any 
given  velocity  will  alter  little  as  6  is  varied,  being  dependent 
chiefly  on  the  surface  exposed.  Suppose  that  6  is  zero,  L  dis- 
appears. The  frictional  component  of  D,  however,  remains. 
The  efficiency  of  the  plane  is  then  zero.  As  6  increases  above 

L 

some  small  angle  also,  the  ratio  ^  will  decrease.     It  is  then 

evident  that  there  is  some  small  value  of  9,  which  gives  the 
greatest  efficiency.  For  actual  plane  sections  this  is  usually  in 
the  neighbourhood  of  4°. 

A  further  point  of  considerable  influence  is  the  position  of  the 
centre  of  pressure.  In  order  that  the  aerofoil  shall  be  in  equili- 
brium the  three  forces  acting  on  it  must  pass  through  a  point. 
As  the  resultant  force  due  to  the  air  acts  at  the  centre  of  pressure 
the  centre  of  gravity  of  the  load  and  also  the  point  of  application 
of  the  propelling  force  must  be  situated  at  this  point.  The  nature 
of  the  movement  of  the  centre  of  pressure  must  also  be  con- 
sidered. For  example,  it  is  evident  in  the  case  of  a  flat  plate  that 
as  the  angle  of  incidence  increases,  the  centre  of  pressure  will 
move  from  the  leading  edge  towards  the  trailing  edge.  It  is 
interesting  in  this  connection  to  examine  the  inherent  stability 
of  the  aerofoil.  This  may  be  defined  as  its  automatic  tendency 
to  correct  itself  in  the  event  of  its  condition  of  steady  flight 
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being  disturbed.  Suppose  that  the  aerofoil  be  travelling  as 
indicated  in  Fig.  12,  and  that,  owing  to  some  disturbing  element, 
0  becomes  slightly  increased,  C  will  then  move  to  C'.  The 
point  of  application  of  the  load  W  and  the  propelling  force 
D  do  not  move.  The  movement  of  C  therefore  introduces  a 
couple  which  tends  to  restore  the  equilibrium.  In  this  respect 
the  flat  section  aerofoil  satisfies  a  primary  condition  of  inherent 
stability. 

The  Aspect  Ratio  of  an  aerofoil  is  the  ratio  -r- — r.     This  ratio, 

chord 

owing  to  what  is  known  as  "  end  effect,"  has  considerable  influence 
on  the  lifting  efficiency.  The  flow  of  the  air  near  the  centre  of 
the  span  is  practically  two-dimensioned,  i.e.  it  is  confined  to  a 
plane  at  right  angles  to  the  span.  This  is  the  most  desirable 
condition  for  the  production  of  lift. 
At  the  ends  the  air,  so  to  speak, 
escapes,  and  a  certain  amount  of  flow 
occurs  in  the  direction  of  the  span. 
This  affects  the  lifting  efficiency  very 
adversely.  The  extreme  ends  of  the 
planes  exert  practically  no  lift  at  all, 
the  lifting  efficiency  of  sections  increas- 
ing rapidly  as  the  centre  of  the  span 
is  approached.  For  this  reason  the  aspect  ratio  for  an  actual 
aeroplane  is  seldom  made  less  than  about  six. 

The  aeroplane  so  far  discussed  consists  of  a  single  plane 
(Fig.  n),  the  load  being  arranged  so  that  its  centre  of  gravity 
is  at  C  and  the  power  unit  exerting  a  tractive  effort  at  the  same 
point.  Although  in  the  case  of  a  flat  section  plane,  this  has  a 
certain  degree  of  inherent  stability,  it  is,  however,  entirely  in- 
sufficient ;  moreover,  no  convenient  system  of  control  can  be 
fitted.  The  stability  can  be  greatly  increased,  and  a  ready 
means  of  control  may  be  provided,  by  the  addition  of  a  tail. 

Considering  the  fore  and  aft  conditions,  i.e.  climbing  and 
diving,  air  disturbances  cause  angular  movements  owing  to  the 
resulting  movement  of  the  centre  of  pressure  relative  to  the 
centre  of  gravity.  What  is  sought  then  is  some  means  of 
influencing  this  movement  either  automatically  for  inherent 
stability  or  mechanically  for  control.  The  equilibrium  is  dis- 
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turbed  by  the  moment  of  the  force  P  about  the  balancing  point, 
which  is  the  centre  of  gravity.  The  movement  of  the  centre  of 
pressure  in  the  case  of  actual  wing  sections  is  not  normally  very 
great.  To  maintain  equilibrium  it  is  neces- 
sary then  to  provide  a  balancing  moment. 
This  is  produced  by  the  tail.  On  account  of 
air  resistance  and  weight  of  this  element, 
which  usually  adds  nothing  to  the  carrying 
capacity  of  the  machine,  it  is  desirable  that 
it  should  be  made  as  small  as  possible.  In 
order,  therefore,  that  it  shall  have  a  con- 
siderable moment  about  the  centre  of  gravity, 
it  must  be  situated  as  far  from  that  point  as 
possible. 

Fig.  13  shows  the  aeroplane  previously 
considered,  but  fitted  with  a  tail.     The  tail 
plane  T  is  usually  arranged  to  have  no  lift 
when  the  main  aerofoil  is  in  the  position  of 
normal    flight.     Consider  now  the  effect  of 
2»  any  alteration  in  the  position  of  the  machine. 
2  Suppose,  as  indicated  in  Fig.  13,  the  nose  of 
fe  the  machine  is  thrown  upwards.     The  tail 
plane  is  thus  turned  into  such  a  position  that 
it  presents  an  angle  of  incidence  to  the  air, 
a  force  Pc  being  introduced,  which  tends  to 
restore  equilibrium.     It  is  easily  seen  that 
the  converse  action  takes  place  if  the  machine 
drops  its  nose.     It  is  evident  then  that  the 

I  tail  is  a  source  of  inherent  stability.     In  the 

case  of  variable  speed  machines  there  is  an 
upward  or  downward  air  reaction  on  the  tail 
plane  in  normal  flight.  The  reaction  will  be 
upward  in  fast  and  downward  in  slow  flight. 
It  will  be  noted,  however,  that  this  fact  does 
not  affect  the  aforegoing  argument.  Any 
movement  of  the  tail  alters  the  air  reaction 
in  such  a  manner  as  to  restore  equilibrium. 
Some  form  of  fore  and  aft  control  must  be  given  to  the  pilot. 
This  is  done  by  adding  controllable  flaps  or  "  elevators,"  as 
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FIG.  14. 


they  are  called,  at  the  trailing  edge  of  the  tail  plane,  as  indicated 
at  E  in  Fig.  14. 

Let  the  lateral  conditions  now  be  examined.  Suppose  that 
for  some  reason  one  wing  tends  to  drop.  What  is  to  prevent 
this  ?  In  the  aeroplane  so  far  developed  there  is  obviously 
nothing.  In  order  that  movements  of  this  nature  may  be  con- 
trolled, flaps  are  provided  at  the  wing 
tips.  It  being  advisable  that  these 
flaps  or  Ailerons,  as  they  are  called, 
should  be  small,  and  yet  exert  the 
greatest  righting  moment  possible, 
they  are  placed  in  the  position  most 
remote  from  the  longitudinal  axis  of 
rotation.  They  are  usually  so  con- 
nected that  as  one  turns  upwards  the 
other  is  turned  downwards.  This  has 
the  effect  of  increasing  the  incidence  at  one  wing  tip  and 
decreasing  it  at  the  other,  thus  making  it  possible  to  introduce 
the  desired  righting  moment. 

A  degree  of  inherent  lateral  stability  may  also  be  provided 
by  arranging  the  planes  with  a  Dihedral  Angle.  Fig.  15  illus- 
trates the  end  view  of  an  aeroplane  with  dihedral.  The  total 
lift  of  the  plane  L  may  be  divided  between  the  two  planes. 

Let  the  lift  effect  of  the  planes 
be  ls  and  lp  respectively.  As  the 
planes  are  arranged  at  an  angle, 
these  forces  will  not  be  quite  verti- 
cal. It  is  evident  that,  if  the  aero- 
plane be  turned  slightly  about  its 
axis  of  lateral  rotation,  the  vertical 
component  of  the  lift  force  on  the 
lower  side  is  increased,  whereas  that 
on  the  raised  side  is  decreased,  a 


FIG.  15. 


righting  nn  ment  being  thus  produced.  The  most  important 
result  of  dihedral,  however,  comes  into  play  when  "  side-slip  " 
occurs.  The  aeroplane  necessarily  slips  sideways  when  one  wing 
is  lower  than  the  other.  It  will  be  seen  that  in  the  direction 
of  the  side-slip  the  effect  of  the  dihedral  angle  is  to  increase 
the  incidence  of  the  lower  wing  and  to  decrease  that  of  the 
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higher.  The  sideways  motion  thus  brings  into  play  a  considerable 
righting  moment. 

A  method  of  controlling  the  direction  of  flight  or  turning 
the  aeroplane  must  now  be  provided.  This  is  done  by  means  of 
the  fin  and  rudder.  In  order  that  the  maximum  turning  move- 
ments may  be  produced,  these  are  fitted  on  the  tail  at  F  and  R, 
as  indicated  in  Fig.  14.  The  action  of  the  fin  in  a  directional 
manner  is  exactly  the  same  as  that  of  the  tail  plane  in  the  fore 
and  aft. 

The  action  of  the  rudder  in  turning  the  machine  is  more  com- 
plicated, and  involves  the  consideration  of  the  effects  of  the  side 
surfaces  of  the  machine.  The  side  surface,  or  keel  surface,  as  it 
is  commonly  called,  includes  the  side  area  of  the  fuselage,  struts, 
wires,  wheels,  etc.,  and  also  the  effect  of  the  dihedral  angle. 
Fig.  1 6  (I)  shows  the  machine  when  the  rudder  has  just  been 

applied.  The  fin  and 
rudder  may  be  con- 
sidered together  as 
constituting  a  rudely 
cambered  plane.  An  air 
reaction  PRis  introduced, 
and  the  machine  com- 
mences to  adopt  a  crab- 
wise  motion,  as  indicated 
in  Fig.  1 6  (II).  Owing 

to  this  motion,  an  air  reaction  Ps,  due  to  the  incidence  of  the  side 
surfaces,  is  introduced.  The  machine  commences  to  turn  bodily 
under  the  action  of  the  forces  PR  and  Ps.  It  is  noted,  however, 
that  there  is  no  equilibrium  ;  if  the  couple  indicated  alone  were  to 
act,  its  effect  would  be  simply  continuously  to  accelerate  the 
speed  of  turning.  However,  as  soon  as  the  turn  commences, 
centrifugal  force  begins  to  act  upon  the  machine  at  its  centre  of 
gravity  W  as  indicated  by  C.  Equilibrium  can  exist  between 
PR,  Ps,  and  C,  the  machine  continuing  in  a  steady  turn. 

Let  the  state  of  affairs  be  further  examined.  Suppose  that 
the  machine  is  turning  fairly  rapidly,  the  centrifugal  force  C 
will  then  be  considerable.  It  is  evident  that,  if  the  equilibrium 
of  the  turn  is  to  be  maintained,  the  force  C,  and  also  the  force  on 
the  rudder  and  fin,  must  be  balanced  by  Ps,  which  must  therefore 
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also  become  very  great.     Ps  is,  however,  induced  solely  by  the 

crab- wise  movement  of  the  machine.     The  result  of  turning  a 

machine  rapidly  in  this  manner  would  be  then  that,  in  addition 

to  turning  it  would  side-slip  outwards  to  a  degree  that  would  be 

dangerous.     This  motion  also  causes  a  grave  loss  of  efficiency. 

It  is  necessary  in  some  other  manner  to  balance  the  centrifugal 

force.     This  is  done  by  "  banking."     The 

machine  is  banked  so  that  its  inner  wing 

is  lower  (see  Fig.  17).    The  lift  force  L  may 

then  be  resolved  into  W  acting  upwards 

and  C  acting  inwards.    C  is  then  utilised  to 

balance    the    centrifugal    force.       As    the 

machine   goes  into  the  turn  it  is  banked 

until      the     centrifugal      force     is      just 

balanced. 

It  will  be  noted  that  the  bank  necessitated  by  turning  reduces 
the  vertical  component  of  the  lift  forces  in  Fig.  17.  The  result 
of  this  is  that  if  the  speed  and  the  angle  of  incidence  be  unaltered 
during  the  turn,  the  machine  will  lose  height.  If  height  is  not 
to  be  lost  during  the  turn,  then  the  angle  of  incidence  must  be 
increased  so  as  to  increase  the  value  of  L.  The  maintenance  of 
the  speed  when  the  angle  of  incidence  is  increased  calls  for  an 
increase  in  the  tractive  force. 


CHAPTER   III 
FURTHER  THEORY  OF  FLIGHT 

UP  to  the  present  horizontal  flight  only  has  been  con- 
sidered.    In    the  triangle    of   forces   (ABC  in  Fig.   18) 
the  propelling  force  (D)  being  just  sufficient  to  maintain 
the  weight  of  the  machine  in  flight.     Suppose  now  that  the  power 
of  the  machine  be  altered,  the  elevators  of  the  machine  not 
being  adjusted,  what  happens  ?     As  the  point  at  which  D  and 

W  act  is  unchanged,  P  must  con- 
tinue to  act  at  the  same  point. 
The  machine  does  not  therefore 
alter  its  incidence.  The  only  way 
in  which  the  machine  can  move  to 
adjust  the  equilibrium  is  by  alter- 
ing its  flight  path.  Suppose  the 
power  be  increased  to  ACX  the 
new  triangle  of  forces  is  shown  in 
Fig.  18. 

It  may  be  drawn  as  follows  : 
W,  being  the  weight,  remains  un- 
changed either  in  direction  or 
magnitude,  and  is  represented  by 
AB.  As  the  angle  of  incidence 
is  unchanged,  the  angle  between 
the  propelling  force  (which  is  assumed  parallel  to  the  axis 
of  the  machine)  and  the  line  of  action  of  the  resultant  air 
pressure  must  remain  unaltered — i.e.  the  angle  ACB  must 
remain  the  same.  If  a  circle  be  drawn  through  A,  B,  and  C, 
then  (the  angles  in  a  segment  being  equal)  the  new  position 
of  C  must  be  on  this  circle.  If  the  power  is  increased,  the  new 
triangle  of  forces  is  therefore  ABCX.  It  will  be  noted  that,  the 
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line  of  action  of  the  propelling  force  being  coincident  with  the 
axis  of  the  machine,  the  machine  climbs  at  an  angle  CAC^ 
Furthermore  the  new  value  of  P  is  slightly  less,  therefore  the 
speed  of  the  machine  is  evidently  slightly  reduced.  If  the 
propelling  force  be  reduced  to  AC2  the  machine  dives  at  an  angle 
CAC2,  its  speed  being  slightly  increased. 

The  extreme  cases  are  of  interest.  If  the  propelling  force 
is  equal  to  the  weight,  C  becomes  coincident  with  B,  the  force  P 
disappears,  and  the  machine  hangs  motionless  on  its  propeller. 
Of  more  practical  importance  is  the  case  when  the  engine  is 
stopped  and  D  becomes  zero.  The  downward  angle  of  flight 
becomes  CAC3,  which  is  the  tangent  to  the  circle  at  the  point  A. 
The  force  P  becomes  equal  to  W,  the  speed  thus  being  slightly 
reduced.  Geometrically  the  angle  CAC3  is  equal  to  the  angle 
ABC.  The  angle  which  a  machine  adopts  when  the  engine  is 
stopped  is  termed  its  gliding  angle.  The  rate  of  glide  of  a 
machine,  i.e.  the  amount  it  falls  in  a  certain  distance,  is  therefore 

the  ratio  -TQ  or  the  ratio  ,. ..  .     The  angle  of  glide  of  a  machine 

is  then  a  measure  of  its  efficiency.     A  machine  which  has  a  steep 
gliding  angle  requires  more  power  for  a  certain 
load  than  would  another  machine  having  a  finer 
angle. 

The  importance  of  correct  streamlining  is 
readily  demonstrated  by  reference  to  the  tri- 
angle of  forces.  A  well-designed  aeroplane  has 
a  gliding  angle  of  about  i  in  6.  The  triangle  W 
ABC  is  therefore  normally  shaped,  as  shown  in 
Fig.  19,  BC  being  about  one-sixth  AB. 

Consider  the  power  increase  necessitated  by 
the  addition  of,  say,  a  strut  to  the  machine. 
The  strut  section  most  economical  of  material 
is  the  round  one  ;  its  head  resistance  is,  however, 
high.  A  streamline  section  strut  of  the  same 
strength  is  about  twice  the  weight,  but  offers  approximately 
only  one-tenth  the  head  resistance.  The  power  required  to 
propel  the  strut  has  (i)  to  carry  its  weight,  and  (2)  to  overcome 
its  head  resistance.  From  the  triangle  of  forces  (Fig.  19)  it 
is  evident  that  an  addition  of,  say,  6  per  cent  head  resistance 


20  THE  COMPLETE  AIRMAN      < 

calls  for  an  increase  of  power  of  6  per  cent,  whereas  an  addition 
of  6  per  cent  weight  will  only  call  for  an  increase  of  power  of 
I  per  cent.  Let  the  two  equally  strong  struts  be  compared. 
In  the  case  of  the  round  one,  if  its  diameter  is  I  inch  and  its 
weight  5  Ibs.,  its  head  resistance  at  60  m.p.h.  will  be  about 

20  Ibs.     The  increase  in  engine  pull  required  will  then  be  ^  +20  = 

about  21  Ibs.  In  the  case  of  the  streamline  strut  the  weight 
would  be  10  Ibs.,  but  the  head  resistance  only  2  Ibs.  The  in- 
crease in  engine  pull  would  be  ^  +2  =  about  3  Ibs.  The  necessity 

for  correct  streamlining  of  all  parts,  even  at  the  expense  of  con- 
siderable additional  weight,  is  thus  abundantly  evident. 

The  general  problem  of  stability  may  now  be  discussed. 
It  is  one  which,  although  commonly  treated  in  terms  of  some- 
what abstruse  mathematics,  is  quite  easily  understood  in  a 
general  manner  without  reference  to  them. 

An  aeroplane  changes  its  position  relative  to  its  flight  path 
only  when  the  point  of  application  of  the  resultant  air  pressure 
on  it  moves  relative  to  the  centre  of  gravity.  In  the  case  of 
controlled  movement,  say,  a  dive,  the  elevators  are  operated 
inducing  an  upward  air  reaction  on  the  tail ;  the  resultant  of 
the  air  forces  on  the  machine  is  thus  moved  aft  of  the  centre 
of  gravity  and  the  dive  results.  The  problem  of  control  is  a 
simple  one,  and  it  is  not  proposed  to  discuss  it  here.  When  the 
stability  of  a  machine  is  referred  to,  inherent  stability  is  implied. 
If  a  machine  is  inherently  stable  it  will  of  itself  return  to  a 
normal  position  of  flight  from  any  position  in  which  it  may 
temporarily  find  itself.  This  inherent  stability  is  entirely 
dependent  upon  the  disposition  of  its  various  surfaces.  This 
disposition  must  be  such  that  when  the  position  of  the  machine 
becomes  abnormal,  air  reactions  are  induced  which  tend  to  turn 
the  machine  to  a  normal  position.  The  machine  may  assume 
abnormal  positions  as  a  result  of  gusts  or  currents  of  air,  or 
because  it  is  controlled  into  those  positions  by  the  pilot.  A 
machine  in  automatically  regaining  a  normal  attitude  on  its 
flight  path  usually  loses  height.  It  is  desirable  for  reasons  of 
safety  that  this  loss  of  height  should  be  a  minimum.  There 
is,  however,  still  another  point  to  be  considered.  If  a  machine 
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FIG.  20. 


has  great  inherent  stability  it  may  become  excessively  heavy 
on  control  as  it  strongly  resists  being  forced  from  its  normal 
attitude. 

The  problem  is  usually  examined  in  three  sections  :  first, 
as  regards  fore  and  aft  movements,  i.e.  the  stability  about  an 
axis  OY  (Fig.  20)  ;  secondly,  the  lateral  stability  about  an  axis 
OX ;  thirdly,  the  directional 
stability  about  an  axis  OZ. 

The  most  important  factor 
in  providing  for  fore  and  aft 
stability  is  the  tail  plane,  the 
action  of  which  has  already  been 
discussed  (p.  14).  Other  points 
having  an  important  bearing 
are,  however,  the  vertical  posi- 
tion of  the  centre  of  pressure  of 
the  machine  and  the  position 
of  the  line  of  action  of  the  propelling  force. 

Referring  to  Fig.  21,  the  forces  acting  on  the  machine  are 
the  air  reaction  P,  the  engine  pull  F,  and  the  weight  W.  As 
the  machine  is  in  equilibrium  under  the  combined  action  of 
these,  they  must  pass  through  a  point  shown  by  O.  The  centre 

of  pressure  CP  must  be  on 
the  line  of  action  of  P,  and 
the  centre  of  gravity  CG 
on  the  line  of  action  of  W. 
If  the  machine  is  subject 
to  a  fore  and  aft  gust,  as 
the  gust  rises  P  will  in- 
crease, and  as  it  falls  P 
will  decrease.  Suppose,  as 
shown  in  Fig.  21,  that  the 
moment  of  P  is  clockwise 
about  the  centre  of  gravity,  then  the  tendency  of  the  machine 
will  be  to  climb  in  an  increasing  gust  and  to  dive  in  a  decreasing 
one.  This  is  a  desirable  condition,  as  the  machine  tends  to  gain 
height  with  an  increase  of  air  speed,  and,  when  the  air  speed 
decreases,  to  dive  and  so  maintain  its  speed  relative  to  the 
air.  Another  factor  to  be  considered  is  the  position  of  the 
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line  of  action  of  the  propeller  pull.  If  this  be  above  the  centre 
of  gravity,  then  as  the  throttle  is  opened  the  nose  of  the  machine 
will  be  dragged  downwards  and  the  speed  increased  ;  conversely 
any  decrease  in  the  pull  will  be  accompanied  by  a  decrease  in 
speed.  This  effect  is  desirable  within  limits,  but  should  not  be 
excessive.  With  varying  speed  the  angle  of  P  varies  consider- 
ably. In  order,  then,  that  the  effect  on  stability  shall  not  be 
excessive  it  is  desirable  that  the  centre  of  pressure  be  near  the 
centre  of  gravity. 

Both  lateral  and  directional  stability  depend  upon  the 
dihedral  angle  of  the  planes  and  the  position  of  the  centre  of 
pressure  of  the  side  surfaces.  For  the  purpose  of  qualitative 
explanation  as  opposed  to  quantitative  analysis,  it  is  most  simple 
to  discuss  them  together.  As  the  space  available  is  limited, 
the  explanation  will  be  simplified  if,  to  commence  with,  the 
conditions  of  surface  distribution,  etc.,  conducive  to  stability 
be  assumed,  the  effects  of  the  assumptions  in  the  course  of 
lateral  and  directional  movement  being  examined.  The  assump- 
tions made  are  :  (i)  that  the  planes  are  set  at  a  slight  dihedral 
angle  (usually  about  3°),  and  (2)  that  the  centre  of  pressure  of 
the  side  surfaces  is  a  short  distance  aft  and  above  the  centre 
of  gravity. 

Suppose  that,  owing  to  a  gust,  the  machine  rolls  to  the  left, 
i.e.  drops  its  left  wing.  As  a  result  it  will  commence  to  side- 
slip to  the  left.  The  air  reactions  introduced  will  have  effects 
as  follows  : 

(1)  As  the  centre  of  pressure  of  the  side  surface  is  aft  of 
the  centre  of  gravity  the  machine  will  commence  to  turn  to  the 
left. 

(2)  Owing  to  the  dihedral  angle  the  lateral  movement  of  the 
machine  will  introduce  an  increased  lift  on  one  side,  and  the 
machine  will  as  a  result  tend  to  roll  to  the  right. 

(3)  The  effect  of  turning  to  the  left  will  be  to  make  the 
right  wing  travel  faster  than  the  left.     This  will  introduce  an 
increased  lift  on  the  right,  and  the  result  will  be  that  the  machine 
tends  to  roll  to  the  left. 

(4)  The  same  cause  as  in  (3)  causes  an  increased  drag  on  the 
right  wing.     This  force  tends  to  turn  the  machine  to  the  right. 

(5)  As  the  centre  of  pressure  of  the  side  surface  is  above 
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the  centre  of  gravity  the  air  reaction  on  the  side  of  the  machine 
will  tend  to  make  it  roll  to  the  right. 

It  will  be  noted  that,  so  far  as  rolling  motion  is  concerned, 
(3)  opposes  (2) +(5),  which  tends  to  restore  the  machine  to  a 
normal  position  of  flight.  Lateral  instability  might  result 
therefore  if  (3)  were  excessive.  The  effect  of  (3)  could  only 
become  large  if  the  turning  effect  of  (i)  were  very  great,  i.e. 
the  centre  of  pressure  of  the  side  surface  very  far  aft.  For  this 
reason  an  excessively  large  fin  may  cause  instability. 

The  reader  must  carefully  bear  in  mind  the  assumptions 
made.  Any  alteration  of  these  would  entirely  alter  the  effects 
described.  For  example,  suppose  that  say,  owing  to  the  excessive 
area  of  the  wheels,  etc.,  the  centre  of  side  pressure  is  below  the 
centre  of  gravity.  The  force  (5)  would  become  reversed.  In 
these  circumstances  (2)  would  have  to  be  greater  than  (3)  +  (5) 
to  ensure  stability. 

Let  it  now  be  assumed  that  the  machine  turns  directionally 
or  "  yaws  "  to  the  left.  The  air  reactions  brought  into  play 
will  be  as  follows  : 

(1)  Owing  to  the  fore  and  aft  position  of  the  centre  of  pressure 
of  the  side  surfaces  a  force  tending  to  turn  the  machine  to  the 
right  will  be  introduced. 

(2)  The  motion  of  the  machine  when  yawing  is  not  entirely 
in  the  direction  of  its  axis.     It  has  a  certain  velocity,  depending 
on  the  amount  of  the  yaw,  to  the  right.     Owing  to  this  lateral 
movement  the  dihedral  introduces  an  air  reaction  tending  to 
roll  the  machine  to  the  left. 

(3)  The  machine  will  tend  to  roll  to  the  right  (see  (3)  in  the 
previous  case). 

(4)  The  machine  will  tend  to  turn  to  the  left  (see  (4)  in  the 
previous  case). 

(5)  Owing  to  the  vertical  position  of  the  centre  of  side  pressure 
the  air  reaction  on  the  side  surfaces  will  have  the  effect  of  causing 
a  roll  to  the  left. 

Considering  directional  conditions  it  is  seen  that  (4)  opposes 
(i),  which  tends  to  restore  equilibrium.  (4)  is  usually  small 
compared  with  (i).  Laterally  it  is  desirable  that  the  machine 
should  bank  in  the  direction  of  the  yaw.  It  is  seen  that  (2)  +(5) 
favour  this,  whereas  (3)  opposes  it.  It  will  be  noted  that  the 
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consideration  of  the  problem  commencing  from  the  assumption 
of  an  initial  yaw  is  practically  a  reiteration  of  the  previous 
discussion.  It  serves,  however,  further  to  illustrate  and 
emphasise  the  principles  involved. 

The  aforegoing  discussion  pretends  to  no  completeness. 
It  should,  however,  indicate  to  the  reader  the  various  factors 
affecting  lateral  and  directional  stability  and  their  relative 
importance.  The  reader  is  advised  to  study  the  subject  him- 
self further,  assuming  other  arrangements  of  the  controlling 
factors,  and  anticipating  the  nature  of  the  resulting  instability. 

As  concerning  stability  in  any  direction  the  disposition  of 
the  weight  of  an  aeroplane  is  of  great  importance.  If  a  machine 
is  to  be  quick  on  control  and  is  to  answer  quickly  to  its  auto- 
matically induced  stabilising  forces,  all  the  weights  must  be  con- 
centrated as  near  to  the  centre  of  gravity  as  possible.  This 
is  simply  a  question  of  inertia.  It  is  analogous  to  the  case  of 
spinning  a  metal  ball  weighing  two  pounds  or  a  stick  having  a 
one  pound  weight  at  each  end. 

The  aforegoing  discussion  should  enable  the  reader  to  antici- 
pate for  himself  what  would  happen  to  an  inherently  stable 
machine  placed  in  any  position  and  left  to  itself  to  recover  a 
normal  flying  attitude.  To  take  particular  examples  and  work 
them  out  is  in  this  connection  both  interesting  and  instructive. 


CHAPTER  IV 
THE  AEROPLANE 

THE  most  essential  portions  of  an  aeroplane  are  neces- 
sarily   the  planes.     The  other  portions  merely  control 
and  assist  the  main  planes  in  their  function. 
Up  to  the  present  it  has  been  assumed  that  flat  planes  were 
being  dealt  with,  the  general  principles  of-  flight  having  been 
studied,  without  the  question  of  efficiency    being    more    than 
generally  considered. 

Let  the  forces  on  a  plane,  flat  or  cambered,  be  considered 
quantitatively.      If  they  be  considered  in  their  components,  then 
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measure  of  their  efficiency. 

Another  factor  concerning  which  information  is  required  is  the 
position  of  the  centre  of  pressure.  The  centre  of  gravity  must  be 
situated  in  the  same  vertical  line  as  this  point  if  the  tail  is  not  to 
support  any  load.  Likewise  it  is  necessary  to  know  the  move- 
ments to  which  the  centre  of  pressure  is  subject  as  the  angle  of 
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incidence  is  varied.     The  smaller  these  movements  are,  the  less 
will  be  the  size  of  the  tail  required  to  control  them. 

The  information  which  we  possess  on  these  matters  is 
practically  all  the  result  of  experiments  with  models.  Scale 
models  are  made  of  the  section  to  be  tested.  These  are 
supported  in  a  wind  tunnel,  in  such  a  manner  that  the  forces 
on  them  can  be  accurately  measured.  The  angle  of  incidence 
is  varied,  and  the  velocity  of  the  air  in  the  tunnel  may  also  be 
varied.  In  this  way  the  "  characteristics,"  as  they  are  called, 
of  the  section  are  very  accurately  determined. 

Before  this  accurate  method 
of    experiment   was    devised,  it 
had  been  discovered  that  curved 
wing    sections    had    many    ad- 
vantages as  compared  with  the 
flat.      The  present  methods  of 
experiment  have  confirmed  this. 
It  has  already  been  explained 
that  the  flow  on  the  upper  sur- 
face is  of  a  different  nature  to 
that  on  the  lower.      It  is  reason- 
able, then,  to  assume  that  im- 
provement  can  be   effected  by 
shaping  the  two  surfaces  differ- 
ently.    As   curved  sections  are 
now    universally    adopted,    the 
characteristics  of  these  only  will 
be  discussed.      Fig.  23  shows  a 
typical   modern    plane   section. 
This    section   is    of    a    general    streamline    nature,    which,    of 
course,  is  necessary  in   order  to   keep   the  value   of  Kd  low. 
A   curious   point   in    connection    with    such   a    section   is   the 
effect  of  the  steep  angle  at  A.     The  natural  assumption  would 
be  that  a  considerable  positive  pressure  would   occur  at  this 
point,    which    would    have    the    effect    of    increasing   K^  and 
reducing    Kj.      The    actual    condition    of    affairs    is    entirely 
different.     Experiments    demonstrating  the  nature  of  the  flow 
show  that  the  effect  of   this   down-turned  front  edge  is  that 
the    air    is    deflected    upwards   as  it    approaches    the   leading 
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edge.  This  results  in  a  high  positive  pressure  below  and  a 
negative  pressure  above  the  leading  portions  of  the  plane.  The 
actual  resulting  pressure  distribution  on  the  surface  of  a  plane 
is  as  indicated  in  Fig.  23.  This  diagram  indicates  the  general 
magnitude  of  the  pressures  to  which  the  plane  is  subject,  and  also 
the  comparative  importance  of  the  upper  surface.  In  the  case  of 
a  well-designed  section,  the  top  surface  usually  supplies  three- 
quarters  of  the  total  lift.  Fig.  24  shows  the  "  characteristics  " 
for  a  section  of  this  nature  as  determined  by  experimenting  with 
a  model.  The  angles  of  incidence  are  measured  on  the  chord. 

The  wing  is  the  aeroplane.  Upon  its  characteristics  the 
performances  of  the  machine 
at  different  speeds  depend 
almost  entirely.  As  indi- 
cating the  nature  of  the  air 
flow,  two  points  should  be 
noted.  Firstly,  the  K,  curve 
shows  that  there  is  a  con- 
siderable lift  when  the  angle 
of  incidence  of  the  chord  is 
zero.  This  fact  is  due  to 
the  effect  of  the  shape  of 
the  leading  edge.  Secondly, 
at  an  angle  of  about  14°,  the 
value  of  the  lift  begins  to 
decline,  and  that  of  the  drag 
to  increase,  rather  suddenly. 
This  indicates  a  change  in  the  general  nature  of  the  flow.  The 
curves  of  the  section  being  designed  to  induce  the  desired  type 
of  flow  at  normal  angles  of  incidence,  it  is  natural  to  expect  that, 
as  the  angle  is  increased  abnormally,  this  condition  of  flow  cannot 
continue.  Now  let  the  effects  of  these  characteristics  on  an 
actual  aeroplane  be  considered.  Suppose  a  machine  is  to  be  built 
with  planes  of  this  type.  With  a  certain  load,  the  speed  in  hori- 
zontal flight  will  vary  as  the  angle  of  incidence  is  increased  or 
decreased.  The  base  line  may  therefore,  to  a  certain  extent, 
be  regarded  as  a  scale  of  aeroplane  speed. 

Consider  first  the  movements  of  the  centre  of  pressure.     It 
will  be  seen  that  it  does  not  move  very  much  when  the  angle 
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of  incidence  is  above  about  4°.  At  lesser  angles  it  may  move 
very  rapidly.  This  means  that  if  the  aeroplane  flies  with  a 
very  small  angle  of  incidence,  the  fore  and  aft  control  will  be 
sensitive.  It  appears,  then,  that  the  machine  should  not  normally 
fly  with  a  very  small  angle  of  incidence.  The  result  of  this  is 
that,  if  high  power  and  speed  are  desired,  the  size  of  the  planes 
must  be  small. 

Let  the  Kj  curve  be  examined.  The  value  of  Kz  increases 
steadily  up  to  a  maximum  at  about  15°,  where  it  commences  to 
decrease  fairly  rapidly.  This  means  that  the  load  which  the 
planes  will  support  at  a  given  speed  increases  up  to  15°  and  then 
decreases.  Conversely,  the  speed  at  which  a  certain  load  can  be 
carried  decreases  as  the  angle  is  increased.  Therefore,  at  15° 
the  machine  is  flying  at  the  lowest  possible  speed  at  which  it  will 
support  its  load.  This  speed  should  be  as  low  as  possible,  as  it  is 
the  minimum  landing  speed  of  the  machine. 

The  force  or  power  required  to  propel  the  machine  may  be 
studied  from  the  K,  curve.  In  the  case  of  an  actual  machine, 
the  tractive  force  of  the  propeller  is  absorbed  in  overcoming 
the  drag  forces  on  the  planes,  to  which  must  be  added  the  total 
head  resistance  of  the  remaining  parts  of  the  machine.  It 
will  be  noted  that  K(/  does  not  alter  very  much  up  to  4°.  At 
that  point  it  begins  to  increase  steadily  up  to  about  15°,  where 
the  increase  becomes  much  more  marked. 

As  has  previously  been  pointed  out,  the  lift  drag  ratio  is  a 
measure  of  the  efficiency  of  the  plane  as  a  weight  carrier.  It 
will  be  noted  that  this  rises  to  a  very  pronounced  maximum  in 
the  neighbourhood  of  4°.  The  aeroplane  must  then  be  so  de- 
signed that  its  normal  speeds  shall  be  at  an  angle  of  incidence 
near  to  this  value.  It  must  be  remembered  that  when  the 
efficiency  of  the  complete  aeroplane  is  considered,  the  drift 
resistance  of  the  body,  etc.,  must  be  added  to  that  of  the  planes. 

The  practical  importance  of  the  aforegoing  may  perhaps  be 
most  effectively  demonstrated  by  applying  it  to  the  solution  of 
an  actual  problem.  Suppose  that  a  biplane  is  to  be  made,  using 
the  wing  section  for  which  the  characteristics  are  shown  in  Fig. 
24.  Assume  that  the  cross  sectional  area  of  the  machine  (less 
the  planes)  in  the  direction  of  flight  is  30  square  feet,  and  that 
the  average  value  of  K  for  these  portions  is  o'l.  Assume  the  total 
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weight  to  be  3000  Ibs.,  also  the  maximum  efficiency  to  be  desired 
at  a  speed  of  60  m.p.h.  (88  feet  per  sec.).  When  considering 
the  most  efficient  speed  of  an  aeroplane,  body  resistance  must 
naturally  be  considered  in  addition  to  that  of  the  wings.  How- 
ever, as  the  following  is  to  be  regarded  as  an  illustration  rather 
than  a  design,  it  will  be  assumed  that  the  efficiency  is  maximum 

TT 

when  ~  for  the  planes  is  greatest.     This  is  at  an  incidence  of  4°. 
&-* 

W 

P  =  KjApV2,  or  A=  =326  square  feet. 

1 


W=3000,  Kj  (from  curve)  '50,  p  =  '00237  (standard). 
V=88. 

In  the  case  of  a  biplane,  interference  between  the  planes  is  found 
to  reduce  their  efficiency.     The  efficiency  is  about  '85,  that  of  a 
single  plane.     The  plane  area  must  therefore  be  384  square  feet. 
Let  the  power  required  now  be  calculated. 

Force  to  propel  body,  struts,  etc.  =KLAbpV2  =  55*5!   ^ 
Force  to  overcome  drift  of  planes  =  K^ApV2  =  112  '5  J     ' 
At  88  feet  per  sec.,  this  will  require  267  h.p. 
Let  the  landing  speed  now  be  calculated.     The  maximum 
value  of  K;  is  i  'i. 
Thus: 


or     = 


=55  feet  per  sec. 


=37*4  m.p.h. 

Suppose  that  the  power  necessary  to  fly  at  80  m.p.h.  is  re- 
red. 

W 


The  angle  of  incidence  is  therefore  about  0*4°  and  K^  =  '013. 

Total  head  resistance  =  (KbAb  +  KdA)pV  2=262. 

The  horse-power  required  is  therefore  56. 

The  actual  design  of  an  aeroplane  is  very  much  a  matter  of 
trial  and  error.  First  a  guess  is  made  as  to  the  ultimate  weights, 
head  resistance,  etc.  This  guess,  being  based  on  figures  relating 
to  other  machines,  is  usually  fairly  correct.  From  it  the  general 
dimensions  are  worked  out.  It  is  then  possible  roughly  to  design 
the  machine.  More  accurate  figures  can  then  replace  the  original 
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guess,  and  the  necessary  alterations  are  made.  Practical  limita- 
tions, such  as  the  safe  normal  loading  per  square  foot  of  wing 
surface  (usually  between  5  and  10  lbs.),have  to  take  precedence 
over  considerations  of  purely  aerodynamic  efficiency.  The 
aforegoing  discussions  do  not  pretend  to  equip  the  reader  with 
knowledge  sufficient  to  design.  It  is  hoped,  however,  that  they 
will  make  clear  to  him  the  principles  on  which  design  is  based, 
and  enable  him  to  appreciate  the  influence  of  characteristics,  the 
conditions  conducive  to  efficiency,  and  the  limitations  of  an 
aerofoil  section  in  satisfying  them. 

It  is  now  possible  to  investigate  the  performance  of  an  aero- 
plane. The  conditions  first  to  be  assumed  are  those  of  horizontal 
flight  near  to  the  ground.  The  horizontal  forces  acting  on  the 

machine  are  the  drag  com- 
ponents of  the  air  reaction 
on  the  planes  and  the 
head  resistance  of  other 
parts  of  the  machine. 
These  are  overcome  by 
the  tractive  force  of  the 
propeller.  Let  Fig.  25 
now  be  examined.  The 
curve  W  shows  the  resist- 
ance offered  by  the  wings 
(K,ApV2).  The  resist- 
ance of  the  other  parts 
may  be  divided  into  two  :  the  resistance  of  those  parts  in  the 
slip  stream  which  is  fairly  high,  even  at  low  speeds,  and  does 
not  increase  greatly  with  the  speed  of  the  machine  (shown 
by  I),  and  the  resistance  of  the  other  parts  which  increases  as 
the  square  of  the  speed  (shown  by  II).  The  sum  of  these  two 
represented  by  R  is  then  the  total  resistance  of  parts  other 
than  the  wings.  The  sum  of  R  and  W  gives  the  total  resistance 
of  the  machine  at  any  speed  (shown  by  RW). 

Let  the  power  unit,  consisting  of  the  engine  and  propeller, 
now  be  considered.  It  is  necessary  to  consider  them  also  re- 
lative to  the  speed  of  the  machine.  Owing  to  the  varying  slip 
(see  Chapter  XI)  the  efficiency  of  the  propeller  varies  consider- 
ably. The  variation  is  much  as  shown  by  A  in  Figure  26.  Now 
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let  a  curve  be  drawn  showing  the  tractive  effort  of  the  engine. 
If  the  propeller  were  of  100  per  cent,  efficiency  at  any  point 
PM  x  OM  would  be 
proportional  to  H-P 
— i.e.  constant.  The 
curve  E  is  drawn  in 
this  manner.  If  the 
or di nates  of  this  curve 
be  reduced  in  propor- 
tion to  the  efficiency 
of  the  propeller,  the 
curve  TE  of  tractive 
effort  is  obtained. 

Let  the  curves  TE 
and  RW  now  be  drawn 
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to  the  same  scale  on 

the  same  diagram,  as 

has  been  done  in  Fig. 

27.      It  will  be  noted  that  at  A  the  curves  cross,  i.e.  after  this 

point  the  maximum  tractive  effort  which  the  propeller  can 

exert  becomes  less  than  the 
head  resistance.  This,  then, 
represents  the  maximum 
speed  to  which  the  machine 
can  attain  in  horizontal 
flight.  Consider  now  any 
other  vertical,  say,  CDE. 
At  this  point  (75  miles  per 
hour)  the  head  resistance  of 
the  machine  is  represented 
by  CD,  and  the  maximum 
tractive  effort  which  the 
power  unit  can  exert  is  CE. 
That  is  to  say,  for  hori- 
zontal flight  only  a  part 
of  the  available  power 

is  required.      The  surplus  power  is  available   to   climb  with. 

If    the    weight    of   the   machine   is   W   and    the    velocity   of 

climb  V,  then  if  the  maximum  power  be  exerted  the  speed 
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OCxDE 
of  climb  at  a  speed  OC  will  be      — ^ — .    Taking  a  series  of 

ordinates  such  as  CDE,  a  curve  (shown  dotted  in  Fig.  27)  may  be 
drawn  showing  the  rate  of  climb  at  any  speed.  This  curve  rises 
to  a  maximum  point  at  M.  This,  then,  gives  the  greatest  rate  of 
climb  to  which  the  machine  can  attain.  OC  represents  the 
speed  at  which  the  machine  achieves  this.  As  the  machine 
climbs  conditions  are  of  course  altered  by  the  changing  density 
of  the  atmosphere.  This  is  dealt  with  in  a  subsequent  chapter. 

The  effect  of  varying  the  different  controlling  factors  is  an 
investigation  not  without  interest.  It  is,  however,  left  to  the 
reader  to  follow  this  line  of  study  for  himself. 
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CHAPTER  V 
MATERIALS  OF  CONSTRUCTION 

BEFORE  considering   the  various  materials  used  in  the 
construction    of    aircraft    the    mechanical    properties    of 
solid  matters  generally  may  be  examined.     These   may 
be  most  simply  studied  by  considering  the  phases  through  which 
a  material  passes  when  continuously  loaded,  say,  in  tension,  until 
rupture  takes  place.     Mild  steel  may  be  taken  as  an  example. 

If  a  steel  bar  is  subject  to  an  increasing  load  it  at  first  stretches 
almost  imperceptibly  ;  if  during  this  period  the  load  be  removed, 
it  returns  to  exactly  its  original  length.  Thus  it  acts  practically 
as  an  exceedingly  stiff  spring.  During  this  phase  it  obeys 
Hook's  Law,  which  states  that  stress  is  proportional  to  strain. 
This  law  is  usually  written  f=HLd  where  /  is  the  stress  in  pounds 
per  square  inch,  d  the  strain  expressed  as  a  fraction  of  the  original 
length,  and  E  is  the  ratio  termed  the  "  Modulus  of  Elasticity/' 
Suppose  that  the  load  be  continuously  increased.  A  point  is 
necessarily  reached  when  the  law  breaks  down.  This  is  called 
the  Yield  Point.  Up  to  the  yield  point  the  material  is  elastic,  and 
on  removal  of  the  load  reverts  to  its  original  size.  Loads 
occasioning  stresses  beyond  the  yield  point,  however,  cause  the 
materials  to  take  a  permanent  set.  A  stress  termed  the  Ultimate 
Stress,  considerably  greater  than  the  yield  stress,  has  to  be  applied 
before  the  material  ruptures.  Elongation  between  yield  point 
and  fracture  may  be  very  considerable,  depending  upon  the 
nature  of  the  material.  Failure  finally  occurs  owing  to  local 
contraction  at  the  weakest  section. 

A  material  which  stretches  considerably s  between  the  elastic 

limit  and  the  point  of  ultimate  failure  is  said  to  be  ductile.     This 

property   is    of   great   importance.     Although    the    stresses   in 

material  under  normal  working  conditions  are  well  below  the 
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elastic  limit,  when  excessive  stresses  occur  which  are  liable  to 
cause  failure,  the  effect  of  ductility  is  felt.  A  ductile  material 
has  to  give  considerably  before  failure,  and  in  so  doing  may 
avert  failure  by  throwing  part  of  its  load  on  to  other  members 
of  the  structure.  Where  sudden  loads  are  anticipated  ductility 
is  essential.  Cast  metals  have  as  a  rule  little  ductility.  They 
fail  immediately  after  the  yield  point  is  reached.  A  cast-iron 
pot  having  practically  no  ductility,  if  hit  with  a  hammer,  is 
broken.  A  mild  steel  one,  being  ductile,  is  permanently 
dinged.  An  india-rubber  one,  which  is  capable  of  very  con- 
siderable deformation  before  reaching  its  elastic  limit,  is  dented 
and  springs  back  to  its  original  shape. 

The  effect  of  stressing  materials  beyond  their  elastic  limit 
is  of  interest.  It  is  usually  to  harden  them,  i.e.  to  raise  the  yield 
stress  and  to  reduce  their  ductility.  This  effect  is  made  use  of 
in  the  manufacture  of  wire  and  sheet.  These  are  rolled  down 
from  billets,  the  material  being  annealed  from  time  to  time  to 
soften  it.  If  the  finished  sheet  is  not  finally  annealed  it  will  be 
much  harder  than  the  original  material.  Fine  steel  wires  may 
have  an  ultimate  strength  of  well  over  100  tons  per  square  inch. 
Aluminium  sheet  likewise  may  have  a  strength  of  15  tons  per 
square  inch,  though  the  same  material  annealed  would  only 
stand  6  or  7  tons  per  square  inch.  A  copper  pipe  that  is  bent 
or  hammered  is  affected  in  exactly  the  same  way.  The  ductility 
of  materials  can  usually  be  restored  by  means  of  suitable  heat 
treatment — steels  by  annealing,  copper  by  quenching.  The 
effect  of  heat  on  the  mechanical  properties  of  metals  is  exceed- 
ingly important,  particularly  in  the  case  of  alloy  steels.  As 
working  and  heat  have  so  great  an  effect  on  the  properties  of 
materials,  care  must  always  be  exercised  in  subjecting  parts  to 
either.  If  a  special  steel  axle  tube,  for  example,  be  brazed,  its 
mechanical  strength  at  the  point  heated  may  be  reduced  by 
half. 

When  materials  are  subjected  to  constantly  alternating 
stresses  they  become  "  fatigued."  Engine  parts  are  particu- 
larly liable  to  fatigue.  A  constantly  vibrating  wire  is  another 
example.  Alternating  stresses  much  below  the  yield  stress  of 
the  material  cause  a  gradual  crystallisation  or  coarsening  of  the 
structure  of  the  material,  which  reduces  its  strength  considerably 
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and  robs  it  entirely  of  its  ductility.  Provided  that  a  sufficiently 
low  stress  is  used,  however,  it  appears  that  an  indefinite  number 
of  alternations  of  stress  are  possible  without  ill-effect. 

The  mechanical  properties  of  materials  are  very  intimately 
connected  with  their  internal  structure.  Their  uniform 
behaviour  depends  to  a  great  extent  on  the  homogeneity  of  the 
latter.  The  theory  of  elasticity  is  based  on  the  assumption  of 
homogeneity  of  structure.  Exact  results  are  not  to  be  expected 
when  it  is  applied  to  such  materials  as  wood  and  fabric.  These 
have  different  properties  in  different  directions.  By  suitable 
reservations  with  regard  to  their  use  it  is,  however,  possible  to 
apply  the  same  theories  and  formulae  to  them  as  are  used  in  the 
case  of  metals. 

In  the  following  remarks  on  the  materials  used,  little  refer- 
ence is  made  to  actual  figures  relating  to  strengths,  etc.  These 
will  be  found  tabulated  in  the  Appendix. 

Steels  of  all  grades  find  a  place  in  the  manufacture  of  aircraft. 
For  purposes  of  discussion  they  may  be  divided  into  two  classes  : 
carbon  steels  and  alloy  steels.  Carbon  steels  consist  of  almost 
pure  iron  alloyed  with  a  small  percentage  of  carbon.  What  is 
known  as  mild  steel  has  about  "15  per  cent  of  carbon,  so-called 
carbon  steels  having  more.  The  effect  of  carbon  is  to  harden  steel 
and  to  render  it  very  susceptible  to  heat  treatment.  The  higher 
carbon  steels  which  have  little  application  in  aircraft  construction, 
if  heated  to  a  dull  red  and  quenched,  become  sufficiently  hard  to 
cut  glass.  Mild  steel  is  little  affected  by  heat  treatment.  For  this 
reason  it  is  used  for  parts  where  welding  is  required.  The  process 
of  welding  consists  of  cementing  together  parts  by  means  of 
pure  iron  melted  in  the  oxy-acetylene  flame  of  a  blow-lamp. 
As  the  welding  material  is  pure  iron,  there  is,  as  a  rule,  little 
object  in  welding  special  high-tensile  steels  with  it.  Furthermore 
the  heating  would  adversely  affect  their  mechanical  properties. 
Mild  steel  is  an  exceedingly  homogeneous  and  reliable  material, 
and  is  extremely  ductile,  giving  an  extension  of  up  to  40  per  cent 
before  rupture.  Where  greater  strength  is  required,  somewhat 
higher  carbon  steels  are  employed  containing  up  to  about  '4 
per  cent  carbon.  These  are  used  for  wires,  tubes,  etc.,  where 
special  strength  is  desirable.  Their  ultimate  strength  may  be 
raised  considerably  by  either  tempering  or  cold  working.  Stream- 
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line  wires,  for  example,  are  rolled  down  from  rods.  Tubes  may 
be  hardened  by  cold  rolling,  or  by  heat  treatment.  Steels 
so  treated  will  withstand  a  load  of  50  or  60  tons  per  square  inch, 
but  are  not  nearly  so  ductile  as  mild  steel.  Similar  steel  rolled 
down  to  wire  for  piano  wire  or  stranded  cables  has  an  ultimate 
strength  of  from  80  to  120  tons  per  square  inch,  the  finest  wires 
being  the  strongest. 

The  alloy  steels  commonly  used  consist  of  iron  alloyed  with 
carbon  and  one  or  more  other  metals,  the  most  common  of  which 
are  nickel  and  chromium.  They  rely  to  a  great  extent  upon 
special  heat  treatment  for  their  mechanical  properties.  They 
are  not  necessarily  much  stronger  than  high  carbon  steels,  but 
are  capable  of  combining  ductility  with  strength,  and  are  thus 
more  satisfactory  for  withstanding  shocks  and  alternating  loads. 
They  are  at  present  chiefly  used  for  the  construction  of  engine 
parts.  Many  engine  parts  have  to  combine  toughness  with  a 
hard-wearing  surface.  The  heat  treatment  necessary  to  harden 
carbon  steels  involves  a  sudden  cooling.  This  is  very  apt  to 
distort  the  part,  and  also  to  set  up  serious  internal  cooling  strains. 
Some  alloy  steels  are  what  is  termed  "  self -hardening,"  that  is  to 
say,  that  in  the  normal  process  of  slow  cooling  they  harden  them- 
selves, and  they  are  therefore  not  so  liable  to  internal  cooling 
strains.  Alloy  steels  may  combine  an  ultimate  strength  of  100 
tons  per  square  inch  with  an  elongation  of  20  per  cent.  Various 
special  alloy  steels  are  used  for  valves  and  other  parts  which  work 
under  more  specialised  conditions.  Space  does  not,  however, 
admit  of  any  detailed  consideration  of  them. 

Mild  steel,  when  broken,  should  show  a  very  fine  fibrous 
fracture  with  a  considerable  reduction  of  area  at  the  point  of 
rupture.  Any  crystalline  appearance  points  to  fatigue.  Carbon 
steels  all  show  a  very  fine  grey  fracture,  but  lack  the  silky  ap- 
pearance apparent  in  the  case  of  mild  steels.  The  amount  of 
local  reduction  of  area  decreases  as  the  steel  becomes  harder. 
Hard  steel  such  as  ball  races  will  show  no  reduction,  and  exhibit 
a  very  finely  granular  fracture.  Alloy  steels  show  similar 
fractures.  Any  fractures  showing  a  coarsely  crystalline  grain 
or  any  lack  of  homogeneity  indicate  defective  material. 

Of  the  non-ferrous  metals  and  alloys,  aluminium  is  the  most 
important.  Pure  aluminium  is  used  chiefly  in  the  form  of  tubes 
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for  conducting  cables,  etc.,  and  also  as  sheet  for  engine  cowling, 
etc.  Aluminium,  however,  finds  its  greatest  application  in  the 
alloy  form,  either  cast  or  forged.  Duralumin  and  magnalium 
are  examples  of  alloys  capable  of  being  rolled  into  sheet,  tube, 
and  wire.  Magnalium  is  an  alloy  of  magnesium  and  aluminium, 
which  is  lighter  than  aluminium  and  considerably  stronger. 
Duralumin  is  a  still  stronger  alloy  of  a  somewhat  complicated 
composition.  It  is  nearly  as  strong  as  mild  steel,  and  little 
heavier  than  aluminium.  The  chief  disadvantage  of  these  alloys 
is  their  susceptibility  to  heat  treatment  and  cold  working.  Their 
strength  may  be  halved  by  improper  handling.  They  are  also 
very  liable  to  corrosion.  A  certain  amount  of  conservatism 
and  suspicion  at  present  limits  their  application.  It  is  probable 
that  they  will  be  much  more  widely  used  in  the  future.  Duralu- 
min is  very  largely  used  in  the  construction  of  the  framework  of 
rigid  airships.  Cast  alloys  find  many  uses  in  engine  construction 
on  account  of  their  lightness.  Suitable  alloys  have  been  pro- 
duced, from  which  pistons  and  cylinders  have  been  cast.  One 
of  the  chief  difficulties  experienced  with  cast  aluminium  is  its 
shrinkage  on  cooling,  combined  with  its  weakness  at  that  time. 
The  design  and  casting  of  complicated  parts  calls  for  considerable 
skill  to  prevent  their  cracking  during  the  cooling  process.  The 
coefficient  of  expansion  with  heat  for  aluminium  is  very  high, 
which  fact  leads  to  a  certain  amount  of  difficulty  when  it  is  used 
in  conjunction  with  other  metals  in  situations  subject  to  high 
temperatures.  Aluminium  and  its  alloys  do  not  readily  oxidise. 
The  latter  are,  however,  usually  very  liable  to  electrolytic  cor- 
rosion, and  for  this  reason  are  not  ordinarily  suitable  for  use  where 
contact  with  sea-water  is  liable  to  take  place. 

The  chief  non-ferrous  metals  used,  other  than  aluminium, 
are  copper,  gun-metal,  phosphor  bronze,  and  babbit.  Pure 
copper  is  chiefly  used  for  pipe  work.  It  is  eminently  suitable 
for  this  work  on  account  of  its  ductility,  being  easy  to  bend.  A 
further  advantage  it  possesses  is  that  of  being  easily  sweated 
or  brazed  to  unions  and  other  pipe  fittings,  whereas  aluminium 
in  the  same  position  would  require  to  be  welded.  Aluminium, 
however,  scores  considerably  from  the  point  of  view  of  weight. 
It  is  probable  that  in  due  course  aluminium  and  its  alloys  will 
take  the  place  of  copper  almost  entirely. 
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Gun-metal  is  an  alloy  of  copper,  zinc,  and  tin ;  it  may  also 
contain  a  small  amount  of  lead.  It  may  be  cast  or  rolled.  It  is 
largely  used  for  small  engine  fittings,  petrol  cocks,  and  pipe 
fittings.  It  is  a  tough  metal,  easily  machined,  and  not  liable  to 
corrosion.  Here  again  the  lighter  aluminium  alloys  compete. 
Their  chief  drawback  in  this  field,  however,  is  their  tendency  to 
bind.  An  aluminium  tapered  cock,  for  example,  would  have  a 
great  tendency  to  stick  if  working  in  an  aluminium  body. 
Phosphor  bronze  is  an  alloy  similar  to  gun-metal,  but  containing 
no  zinc  and  about  8  per  cent  of  phosphorus.  It  is  largely  used 
for  the  linings  of  bearings  subject  to  heavy  loads.  It  is  cast  in 
bars  and  machined  to  the  required  size.  A  good  phosphor  bronze 
when  broken  exhibits  a  very  finely  granular  pinkish-grey 
fracture. 

Babbit  is  white  metal  alloy  containing  antimony  and  lead. 
It  is  used  for  the  lining  of  larger  bearings.  If  examined  micro- 
scopically, it  appears  to  consist  of  a  soft  matrix  bearing  crystals 
of  metal  of  a  harder  nature,  the  harder  element  providing  a 
good  wearing  surface,  whilst  the  softer  matrix  allows  it  to  bed 
down  to  its  work. 

The  most  important  non-metallic  substances  are  wood  and 
fabric.  The  chief  woods  are  spruce,  ash,  walnut,  mahogany,  and 
birch  ply-wood.  Spruce  is  obtainable  in  pieces  of  considerable 
size  with  a  good  straight  grain.  It  is  light  in  weight  and  easily 
procured.  Ash  is  a  heavier  and  harder  wood.  It  is  difficult  to 
obtain  it  in  long  pieces  of  even  grain.  Walnut  and  mahogany 
are  very  tough  and  strong ;  they  are  expensive,  and  are  practically 
only  used  for  propellers.  Birch  ply-wood  consists  of  three  or 
more  laminae  or  veneers  of  wood  glued  together  in  such  a  manner 
that  the  grain  in  the  different  plies  runs  at  right  angles.  The 
finished  board  is  very  strong  in  all  directions  owing  to  the  crossing 
of  the  grain.  Three  ply  is  used  as  a  covering  material,  and  com- 
bines lightness  with  toughness.  Engine  bearer  frames  and  similar 
parts  are  commonly  made  from  wood  consisting  of  seven  or  more 
laminae. 

Wood  consists  of  a  fibrous  structure  impregnated  with  oily 
and  resinous  matter.  It  is  liable  to  blemishes  such  as  knots, 
cracks,  twisted  grain,  or  flaws  such  as  resin  pockets.  Pieces 
must  be  chosen  carefully  with  a  view  to  avoiding  any  of  these. 
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FIG.  28. 


The  chief  trouble  to  which  wood  is  liable  is  warping.     This 
depends  very  much  on  the  processes  of  conversion  and  seasoning. 
Conversion  consists  of  sawing  the  log  into  planks  of  suitable 
size.     As  a  log  dries  it  contracts  circumferentially,  thus  tending 
to  develop  cracks,  as  indicated  in  Fig.  28  (I).     A  piece  of  timber 
with  the  graining  as  indicated  in  Fig.  29  (I)  would  shrink  to  the 
shape  shown.    The  planks  therefore  should  be  so  sawn  as  to  have 
their   grain   running   as   nearly   as 
possible  as  shown  in   Fig.  29  (II). 
This  involves  radial  conversion  of  the 
log,  as  shown  in  Fig.  28  (II).    The  con- 
verted timber  must  be  thoroughly 
seasoned    or   dried  by  exposure  to 
the    air    before    being     made    up. 
Natural   seasoning   is  always   best, 
but  this  is  sometimes  accelerated  by  resorting  to  kiln  seasoning 
by  artificial  heat.     The  danger  of  this   latter  process  is  that, 
if  the  heat   is  too  high,  a  portion  of  the  lighter   hydrocarbons 
which    constitute    the   filling    of   the    fibrous    structure   may 
be  driven  off  and  the  timber  rendered  brittle.     If  a  piece  of 
wood  is  broken  by  bending,  a  "  short  "  fracture  will  indicate 
brittleness.     In  a  good  fracture  the  grain  should  break  short 
on  the  compression  side  of  the  bend,  but  on  the  tension  side  long 

splinters  should  be  left. 
So  long  as  the  grain  of  a 
finished  strut  or  spar  is 
straight  and  even,  the 
part  is  usually  satisfac- 
tory. Twisted  grain 
must  be  carefully  avoid- 


1 


ed.    It  is  often  difficult 


II 
FIG.  29. 

to  identify  in  the  finished  part.  It  is  usually  apparent,  however, 
in  the  course  of  manufacture.  The  end  grain  in  finished  parts 
should  run  as  nearly  as  possible  as  indicated  in  Fig.  29  (III). 
Wood  has  comparatively  little  strength  across  the  grain ; 
consequently,  where  loads  other  than  tensile  or  compressive 
are  to  be  supported,  ply- wood  is  used.  The  laminae  are 
made  of  birch,  and  vary  in  thickness  from  Tfr  to  iV  of  an  inch. 
They  are  usually  cut  by  rotating  the  log  between  centres  against 
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a  wide  knife-edge,  the  wood  thus  being  cut  spirally  in  the  form 
of  a  thin  sheet.  In  all  woodwork  involving  gluing,  the  question 
of  moisture  is  an  important  one.  Parts  to  be  glued  together, 
as,  for  example,  the  laminae  of  built-up  spars,  must  be  of  similar 
moisture  content,  otherwise  warping  of  the  finished  part  or 
structure  will  result. 

The  fabric  used  to  cover  the  planes  and  other  parts  is  woven 
of  linen.  Cotton  fabric  may,  however,  be  used  for  covering 
parts  such  as  the  fuselage  which  are  not  subject  to  very  severe 
air  loads.  Linen  fabric  has  a  breaking  strength  of  about  90  Ibs. 
per  inch  width,  and  is  slightly  stronger  on  the  warp  direction 
than  the  weft.  The  weft  is  the  width  direction  of  the  fabric 
as  it  comes  off  the  loom.  The  strength  of  the  fabric  is  con- 
siderably increased  by  the  application  of  "  dope,"  which 
commonly  consists  of  a  solution  of  cellulose  in  acetone.  The 
increase  in  strength  is  from  15  to  25  per  cent.  The  effect  of 
the  dope  is  to  tighten  the  fabric  and  to  render  it  smooth  and 
waterproof.  Fabric  weighs  about  4  oz.  per  square  yard,  to 
which  about  2  oz.  must  be  added  for  the  dope. 

The  only  other  material  of  any  importance  used  on  aeroplanes 
is  india-rubber.  The  reason  that  this  finds  favour  as  a  shock 
absorber  is  that  it  is  capable  of  absorbing  a  considerable  amount 
of  energy  for  its  weight.  It  is  in  this  respect  much  superior 
to  steel  springs.  The  energy  absorbed  by  a  shock-absorbing 
device  depends  upon  the  stress  to  which  it  is  subject  and  the 
strain  of  which  it  is  capable.  Rubber  as  a  material  does  not 
stand  a  very  high  stress,  but  can  be  strained  to  a  very  great 
extent  without  passing  its  elastic  limit,  and  it  is  consequently 
capable  of  absorbing  a  considerable  shock. 


CHAPTER  VI 
PRINCIPLES  OF  CONSTRUCTION 

THE  basic  principle  of  aeroplane  construction  is  that 
the  maximum  of  strength  should  be  attained  with  the 
minimum  weight  of  material.     The  attainment  of  this 
object  is  limited  by  such  considerations  as  cost  of  materials  and 
economy  in  manufacturing  processes.     Questions  such  as  the 
durability  and  reliability  of  materials  have  also  to  be  considered. 
The  principle  of  strength  for  weight  must,  however,  occupy  the 
most  prominent  position. 

The  first  problem  of  the  designer  is  to  determine  as  accurately 
as  possible  the  maximum  loads  which  may  be  encountered  by 
the  different  portions  of  the  machine.  The  second  is  to  provide 
a  structural  arrangement  capable  of  sustaining  these  and  con- 
structed in  the  lightest  manner  possible.  It  is  proposed  onty 
to  discuss  the  second  of  these  problems.  The  first  is  somewhat 
too  complicated  for  adequate  treatment  in  the  available  space. 
Also  its  solution  frequently  demands  the  application  of  com- 
paratively advanced  mathematics. 

To  return  to  the  second — consider  the  conditions  under  which 
members  of  the  structure  of  an  aeroplane  may  be  loaded.  The 
stress  to  which  a  material  is  subject  is  the  load  per  certain  area 
which  it  supports.  It  may  be  tensile,  compressive,  or  shearing. 
Examples  of  materials  stressed  in  tension  are  bracing  wires. 
Struts  are  stressed  compressively.  The  bodies  of  the  pins 
attaching  the  bracing  wires  to  the  wiring  plates  are  examples 
of  material  subject  to  shearing  stress. 

The  different  ways  in  which  material  can  support  a  load 
should  at  all  times  be  studied.  The  ideal  is  that  every  particle 
of  material  shall  be  employed  as  near  its  safe  capacity  as  possible. 


THE  COMPLETE  AIRMAN 


The  case  of  a  rod  or  wire  in  direct  tension  provides  an  admirable 
example  of  the  ideal  aimed  at.  The  stress  is  evenly  distributed 
throughout  the  whole  of  the  section.  Consider  now  a  member 
subject  to  bending.  Fig.  30  shows  a  loaded  beam,  the  strain 
being  greatly  exaggerated.  An  element  on  the  line  XY  has  been 
neither  extended  nor  compressed,  whereas  an  element  on  CD  has 

t been   extended   the   maxi- 

-|        mum  amount.    Stress  being 

proportional  to  the  strain, 
it  is  obvious  that  the 
material  on  the  line  XY  is 
not  subjected  to  any  stress. 


FIG.  30. 


The  intermediate  material 
is  also  only  subject  to 
stresses  smaller  than  those 
found  in  the  outer  fibres. 
Furthermore  the  bending  moment  being  a  maximum  at  the  centre 
of  the  span,  the  stresses  also  increase  from  the  ends  having  a 
maximum  value  at  this  point.  The  beam  will  fail  as  soon  as 
the  stress  in  the  outer  fibres  at  the  centre  of  the  span  has  reached 
the  maximum  which  the  material  will  resist.  Here,  then,  we 
have  an  example  of  un- 
economical employment  of 
material.  Bending  stresses 
must  therefore  be  avoided 
wherever  possible.  This 
being  the  case,  how  is  a  load 
of  this  nature  supported  ? 
The  braced  structure  is  re- 
sorted to.  It  might  be  con- 
structed as  indicated  in  Fig. 
31. .  The  beam  is  replaced  by 
three  struts  in  direct  com- 
pression and  two  wires  in 
tension.  The  stresses  in 
a  structure  of  this  kind  are  readily  obtained  by  the  use  of 
vector  diagrams,  one  being  drawn  first  for  the  joint  M  and  then 
a  second  for  the  joint  N.  The  diagrams  for  the  particular 
case  are  shown  in  the  figure.  It  will  be  noted  that  in  the 


FIG.  31. 
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figure  the  two  triangles  have  been  drawn  as  one  diagram,  the 
vector  common  to  both  triangles  only  being  drawn  once.  This 
combined  figure  is  what  is  called  a  "  stress  diagram  "  for  the 
structure.  Stress  diagrams  of  this  nature  may  be  drawn  for 
any  structure,  there  being  a  vector  in  the  diagram  representing 
the  stress,  or  more  accurately  the  load,  for  each  member  of  the 
structure.  As  a  matter  of  fact,  a  strut  cannot,  unless  very 
short,  be  subjected  to  the  maximum  compressive  stress  which 
the  material  will  sustain.  In  spite  of  this,  the  braced  structure 
is  considerably  stronger  for  weight  than  is  a  solid  one  where 
bending  loads  are  to  be  supported. 

Struts  being  so  essential  a  factor  in  aeroplane  construction,  it  is 
desirable  to  study  in  some  detail  the  conditions  which  govern  their 
strength.  The  theory  of  the  strength  of  struts 
is  somewhat  complicated.  The  general  aspect  of 
the  question  may,  however,  be  considered  and 
the  results  of  the  more  scientific  theory  quoted. 
It  is  evident  that  a  very  short,  stiff  strut  will 
fail  only  when  the  load  has  exceeded  the  ultimate  „ 
compressive  stress  of  the  material.  Now  con-  "^ 
sider  how  a  long  strut  fails.  If  a  long  strut  is 
compressed,  what  happens  ?  It  supports  the 
load  until  such  time  as  it  commences  to  bend  at 
the  centre.  If  the  load  continues  to  be  applied,  it  fails  at 
the  centre  by  bending.  There  is  therefore  a  gradual 
transition  from  the  very  long  strut  which  fails  by  bending 
to  the  very  short  one  which  fails  by  direct  compression.  Another 
factor  which  exerts  a  great  influence  is  the  nature  of  the  end 
supports.  The  free-ended  strut,  e.g.  the  inter-plane  strut,  fails, 
as  indicated  in  Fig.  32  (I).  The  type  of  strut  where  the  ends 
are  supported  from  bending,  e.g.  the  continuous  longeron  strut, 
fails,  as  indicated  in  Fig.  32  (II),  and  is  much  stronger.  The 
strut  most  economical  of  material  is  bellied  at  the  centre  to 
strengthen  it  against  failure  at  this  point.  The  results  of  a 
mathematical  treatment  of  the  above  ideas  yield  the  following 
formulae  for  the  crippling  loads  of  long  struts.  For  a  strut 
with  unsupported  ends  : 

T  _ 
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for  a  strut  with  ends  supported : 

_4772EI 

~F~ 

Where  L  is  the  crippling  load  in  Ibs. 
77133-142. 

E  is  the  modulus  of  elasticity  of  the  material  (tabu- 
lated in  the  Appendix). 
I  is  the  moment  of  inertia  of  the  section  (tabulated 

in  the  Appendix). 
/  is  the  length  in  inches. 

It  will  be  noted  that  the  effect  of  supporting  the  ends  against 
bending  is  to  multiply  the  strength  by  four. 

The  Moment  of  Inertia  of  a  section  is  a  function  of  consider- 
able importance.  Primarily  it  is  a  measure  of  its  strength  to 
resist  bending.  Its  presence  in  the  strut  formula  is  due  to  the 
fact  that  final  failure  is  anticipated  by  bending.  As  has  already 

been  explained  in  connection  with 
bending,  it  is  the  metal  most  remote 
from  the  neutral  axis  which  is  chiefly 
effective.  It  can  be  readily  shown  that 
the  efficiency  of  any  element  varies  as 
the  square  of  its  distance  from  the 
neutral  axis  (XY  in  Fig.  30).  "  I  "  for 
a  section  is  the  sum  of  the  areas  of  the 
FlG*  33>  different  elements  of  the  section  multi- 

plied by  the  square  of  their  respective  distances  from  the  neutral 
axis.  To  obtain  a  large  I,  then,  with  a  given  cross  sectional  area 
the  material  must  be  distributed  as  much  as  possible  in  the  outer 
layers.  An  ideal  example  is  the  tube.  A  further  excellent  example 
is  the  strut  shown  in  Fig.  55. 

A  strut  commences  to  fail  as  soon  as  it  begins  to  bend.  It 
is  evident,  then,  that  struts  should  be  straight  and  true  since  any 
lack  of  alignment  predisposes  them  to  bend.  There  is  in  this 
connection  another  important  point.  A  strut  must  never  be 
subject  to  a  load  tending  to  bend  it.  This  fact  leads  to  a  con- 
sideration of  the  design  of  the  joints. 

In  a  well-designed  joint  the  lines  of  action  of  all  the  loads 
should  meet  at  a  point.  It  will  be  noted  that  this  is  the  case  in 
the  joint  in  Fig.  2.  Now  take  the  example  of  a  joint  poorly 
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designed  in  this  respect,  as  shown  in  Fig.  33.  The  main  forces 
at  the  joint  intersect  at  a  point  A.  The  force  P  on  the 
bracing  wire  does  not,  however,  pass  through  this  point.  It 
imposes  a  bending  moment  on  the  strut,  thereby  supplying  it 
with  an  initial  tendency  to  bend  and  considerably  weakening  it. 
This  point  is  often  given  too  little  attention  in  the  design  of  joints. 
Fig.  34  shows  a  method  by  which  long  struts  may  be  con- 
siderably strengthened,  and  it  is  also  illustrative  of  the  applica- 
tion of  several  of  the  principles  already  discussed.  It  is  obvious 


FIG.  34. 

that  a  streamline  strut  will  fail  by  bending  on  the  axis  AB  and 

not  XY  (Fig.  35),  the  moment  of  inertia  being  much  greater  about 

XY  than  AB.     The  strut  will  buckle  at  a  point  near  the  centre 

of  its  span.     The  mode  of  strengthening  is  indicated  in  Fig.  34. 

Were  the  wires  and  king-posts,  as  the  small  auxiliary  struts 

are  called,  sufficiently  strong,  they  would  have  the  effect  of  entirely 

preventing  bending  at  the  centre  of  the 

span,  and  virtually  dividing    the  strut 

into  two  struts  of  half  the  length,  thus 

increasing  the  strengthTfour  times.     As 

a  matter  of   fact,    only  comparatively 

light    wires  are  usually  applied  as  the 

complete  strengthening  would  be  somewhat  cumbersome. 

The  safety  of  any  structure  depends  entirely  upon  how 
nearly  the  maximum  stresses  in  the  various  members  approach 
the  ultimate  stresses  which  the  materials  they  are  made  of  will 


FIG.  35. 


stand.     The  ratio 


Breaking  Load 


in  a  member  is  called  the 


Working  Load 

Factor  of  Safety.  The  factor  of  safety  which  should  be  allowed 
in  various  parts  of  an  aeroplane  is  very  difficult  to  fix,  as  the 
conditions  of  loading  in  special  circumstances  are  extremely 
hard  to  anticipate. 

The  man  who  is  concerned  with  the  flying  or  the  maintenance 
of  machines  is  not  usually  in  a  position  to  work  out  the  stresses 
in  the  various  parts.  He  must  take  these  very  much  on  trust 
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from  the  designer.  It  is,  however,  necessary  that  he  should 
understand  the  general  principles  of  design,  as  from  time  to  time 
he  is  called  upon  to  make  alterations  or  to  strengthen  parts, 
whereupon  he  himself  becomes,  as  it  were,  on  a  small  scale 
a  designer.  It  is  then  essential  that  he  should  do  his  work  in 
such  a  way  that  it  be  structurally  sound,  and  also  (a  point  of 
great  importance)  that  the  modifications  should  not  have  any 
adverse  effect  upon  the  strength  of  the  other  parts  of  the  exist- 
ing design.  Before  touching  any  part  of  the  structure  he  should 
first  satisfy  himself  that  he  thoroughly  understands  its  functions, 
and  he  should  then  make  sure  that  whatever  modification  he  is 
about  to  introduce  or  substitute  will  adequately  answer  the  same 
purpose. 

Two  very  simple  examples  may  be  taken.     Suppose  it  be 
found  necessary  to  cut  an  inspection  door  in  the  side  of  the  three- 

l t  ply  fuselage  covering.   The 

function  of  this  three  ply 
may  be  to  act  as  do  the 
bracing  wires  in  the  parts 
where  the  fuselage  is  fabric 
covered.  The  result  of 
cutting  the  hole  would  be 
to  weaken  this  diagonal 
bracing.  The  effect  of  this 
alteration  might  be  overcome  by  fitting  an  ample  doubling  strip 
round  the  opening,  as  indicated  in  Fig.  36.  As  a  further  example 
suppose  it  necessary  to  lead,  say,  a  petrol  pipe  through  one  of  the 
bottom  cross  struts  of  the  fuselage  of  section,  as  shown  in 
Fig.  36.  Consider  the  formula  for  the  crippling  load  of 
struts : 

7T2EI 


FIG.  36. 


The  only  factor  affected  is  I.  It  is  then  evident  that  the  hole 
should  be  cut  as  near  the  neutral  axis  AB  as  possible.  In  this 
position  it  will  have  scarcely  any  effect  on  the  strength  of  the 
member. 

The  question  of  torsional  loads  has  not  been  considered. 
The  chief  parts  of  the  machine  supporting  torsional  loads  are 
the  bracing  of  the  fuselage,  also  minor  portions  such  as  parts  of 
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the  control  system.     Their  calculation  offers  certain  difficulties, 
and  their  discussion  is  beyond  the  scope  of  this  volume. 

The  principles  involved  in  the  design  and  construction  of 
engine  parts  has  not  been  dealt  with;  they  are,  generally  speaking, 
very  complex  and  may  be  left  to  the  engine  expert.  The  re- 
sulting engine  is  as  much  the  outcome  of  practical  experience 
as  of  theoretical  design.  In  any  case  the  airman  is  seldom  if 
ever  called  upon  either  to  make  or  to  modify  the  engine  of  to-day. 

A  very  useful  exercise  is  to  take  the  various  portions  of  a 
machine  at  random  and,  considering  the  loads  to  which  they  are 
subject,  decide'* the  nature  of  the  stresses  in  them.  The  shape 
of  the  part  concerned  may  then  be  discussed  from  the  point  of 
view  of  its  adequacy  to  meet  them.  As  an  excellent  if  somewhat 
complicated  example — the  conditions  obtaining  in  the  plane 
spars  of  a  biplane  may  be  examined  (see  Fig.  37).  Consider  the 
spars  of  the  lower  plane  between  the  struts.  They  are  subject 
to  bending  by  reason  of  their  transmitting  the  lift  of  the  fabric 
to  the  points  where  the  struts  are  attached.  They  are  also  sub- 
ject to  tension  by  reason  of  their  position  as  part  of  the  braced 
structure  transmitting  the  general  lift  to  the  fuselage.  Further- 
more they  may  be  subject  to  tension  in  the  case  of  the  front  and 
compression  in  the  case  of  the  rear  because  they  must  maintain 
the  plane  against  the  drift  forces  due  to  its  being  propelled  through 
the  air. 

Examples  of  this  nature  may  be  multiplied  to  any  extent 
The  constant  studying  of  parts  from  this  standpoint  will  help 
most  airmen  to  a  much  more  thorough  and  sympathetic  under- 
standing of  their  machines. 


CHAPTER  VII 
THE  MAIN  PLANES 

THE    biplane    arrangement    has    now    supplanted    the 
monoplane    for    practically    all    classes    of    machines. 
The  chief  advantages  resulting  from  the  use  of  more 
than  one  plane  are  as  follows.     It  is  possible  to  increase  the 
available  lifting  surface  considerably  without  unduly  increasing 
the  span.     The  biplane  arrangement  is  very  much  more  rigid, 


FIG.  37. 

the  spars,  interplane  struts,  compression  ribs,  and  wire  bracings 
forming  a  braced  structure  of  considerable  strength.  This  point 
is  illustrated  by  Fig.  37.  Here  is  shown  the  skeleton  framework 
of  the  planes,  the  covering  and  its  supports  having  been 
removed.  A  further  advantage  of  the  biplane  is  that  owing 
to  the  reduced  span  the  weights  of  the  planes  are  concentrated 
nearer  the  axis  of  lateral  rotation,  thus  rendering  it  consider- 
ably quicker  on  lateral  control.  Owing  to  interference  the 
plane  surfaces  are  not  quite  so  efficient  in  the  case  of  the 

biplane.     Since  the  top  surface  of  a  plane  provides  the  bulk 
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of  the  lift,  it  follows  that  the  lower  plane  will  be  the  one  most 
affected.  The  efficiency  of  the  lifting  surfaces  in  a  biplane  is 
usually  about  85  per  cent  that  of  a  monoplane,  the  loss  occurring 
almost  entirely  on  the  lower  plane.  This  efficiency  may  be 
slightly  increased  by  staggering  the  planes.  Fig.  38  illustrates 
staggered  planes,  the  dimension  S  denoting  the  amount  of  stagger. 
Stagger  is  commonly  resorted  to  with  a  view 
to  increasing  the  pilot's  field  of  vision,  rather 
than  increasing  the  lifting  efficiency.  Visi- 
bility is  generally  a  point  in  favour  of  the 
biplane.  The  usual  monoplane  arrangement 
is  very  bad  in  this  respect,  although  the 
"  parasol  "  monoplane,  where  the  plane  is 
situated  above  the  level  of  the  pilot's  head, 
allows  him  a  particularly  good  range  of 
vision.  In  the  case  of  very  large  machines 
designed  for  weight-carrying,  and  where  the 


FIG.  38. 


provision  of  large  lifting  area  is  necessary,  the  triplane  arrange- 
ment is  sometimes  adopted. 

The  plane  bracing  in  the  case  of  a  monoplane  is  shown  in 
Fig.  39.      King-posts  or  "  pylons  "  A  and  B  are  mounted  on 
the  fuselage  and  the  planes  are  braced  from  them  by  wires. 
The  bracing  of  the  planes  in  the  case  of  a  biplane  varies 

to  some  extent  with 
the  size  of  the  ma- 
chine, the  number  of 
struts  used  being  in- 
creased according  to 
the  span  of  the 
planes.  A  typical  ar- 
rangement is  shown 
in  Fig.  40.  The 
machine,  which  is  the  side 
is  seated,  is  shown.  The 


FIG.  39 


port   or   left-hand    side   of  the 

on    the    pilot's    left    when    he    is    seated,    is 

names  by  which  the  various  struts  and  wires  are  known  are 

as  follows  : 

i  and  2. — Inner  and  Outer  Bay  Front  (and  Rear)  Lift 
Wires. 

3. — Extension  Front  (and  Rear)  Lift  Wires. 
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4  and  5. — Inner  and  Outer  Bay  Front  (and  Rear)  Landing 
Wires. 

6  and  7. — Inner  and  Outer  Bay  Front  (and  Rear)  Inter- 
plane  Struts. 

8  and  9. — Front  and  Rear  Spars. 

10  and  ii. — Incidence  or  Stagger  Wires. 

15 


FIG.  40. 

12. — Centre  Section  Struts. 

13. — Centre  Section  Cross  Bracing. 

14. — Extension  King-post. 

15. — Extension  Landing  (or  King-post  Bracing)  Wires. 

16. — Main  Plane  Drift  or  Drag  Wires. 

It  will   be  noted  that  the  flying  wires  transmit  the  lift  to  the 
fuselage  when  the  machine  is  in  the  air.     The  landing  wires 
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support  the  weight  of  the  planes  when  the  machine  is  on  the 
ground,  or  the  lift  if  it  is  flying  on  its  back.  The  length  of  the 
incidence  wires  controls  the  incidence.  The  drift  wires  support 
the  planes  against  the  drift  forces  to  which  they  are  subject  when 
in  flight.  The  centre  section  wires  ensure  the  truth  of  the  main 
plane  system  relative  to  the  fuselage. 

Fig.  41  shows  a  typical  biplane  wing  stripped  of  its  covering 
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so  as  to  demonstrate  its  internal  structure.  A  and  B  are  the 
front  and  rear  spars.  The  interplane  struts  are  attached  at  the 
points  i,  2,  3,  and  4.  Between  the  spars  are  situated  the  com- 
pression ribs  CDEF.  The  structure  formed  by  the  spars  and  com- 
pression ribs  is  braced  by  a  series  of  wires  GH.  This  girder 
structure  supports  the  plane  against  the  drift  forces  to  which  it 
is  subject.  The  wires  H  are  called  drift  or  drag  wires  as  they 
support  the  drag  in  normal  flight.  The  wires  G  are  anti-drag 
wires  and  only  become  stressed  during  a  tail  slide  or  other  ab- 
normal manoeuvre.  Strips  II  and  JJ  form  the  leading  and  trailing 
edges.  The  camber  ribs  KLM  which  run  from  the  leading  to  the 
trailing  edge,  support  the  fabric  covering  against  the  air  pressure 
to  which  it  is  subject,  and  maintain  the  profile  of  the  wing  section. 
The  spars  are  usually  made  of  spruce  and  are  of  H  or  box 
section  for  the  sake  of  lightness.  Fig.  42  shows  some  sections 
commonly  used.  The  H  section  is  by  far  the  most  common. 
This  may  be  solid  as  in  (a)  or  built 
up  of  glued  laminae  as  in  (c).  This 
latter  arrangement  is  resorted  to 
when  it  is  necessary  to  economise 
timber.  The  box  section  (b)  also  (aj  Cb) 

relies  on  glue,  but  may  in  addition  FlG<  42' 

be  bound  with  fabric.  A  good  glued  joint  can  be  nearly  as 
strong  as  the  timber  itself.  It  has,  however,  the  disadvantage 
that  it  may  become  very  much  weakened  by  the  effect  of 
moisture.  The  spar  is  first  made  as  a  solid  square  section, 
the  lightening  then  being  cut  out.  At  points  where  bolts 
pass  through  the  spar  for  the  attachment  of  interplane  fittings, 
the  web  is  left  solid.  It  is  likewise  left  solid  where  any  splice 
occurs.  Splices  are  often  necessary  owing  to  the  difficulty  of 
obtaining  suitably  grained  wood  of  sufficient  length  for  a  complete 
spar.  Fig.  43  shows  an  ordinary  scarfed  and  pegged  splice.  The 
pegs  normally  detract  from  rather  than  add  to  the  strength,  but, 
in  event  of  failure  of  the  glue,  serve  to  hold  the  splice  together. 
The  surface  of  the  splice  is  arranged  vertically,  in  the  spar,  and 
should  be  tapered  at  about  I  in  10.  The  splice  is  lapped  with 
glued  and  varnished  fabric.  In  connection  with  the  lapping 
and  covering  of  wood  parts  with  fabric  it  may  be  pointed  out 
that  this  practice  is  not  always  to  be  recommended.  The  lapping 
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undoubtedly  adds  to  the  strength.  The  danger  of  the  practice, 
however,  lies  in  the  fact  that  any  failure  developing  within  the 
covering  may  be  entirely  hidden.  For  this  reason,  where  lapping 
is  resorted  to,  it  should  be  applied  in  bands  rather  than  con- 
tinuously. 

The  compression  ribs  are  usually  made  of  spruce.  They 
are  of  profile  similar  to  the  camber  ribs,  so  that  they  also  serve 
in  that  capacity.  They  must  be  securely  jointed  to  the  spars. 

Wiring  plates  are  pro- 


P-<j)_ 4 $. $.      ;    x — y     vided    at    the    joints 
t 4 -4- —HE-  ;     I 1^ 


for  the  attachment  of 
the  internal  drift  and 
anti-drift  wires.  These 

FIG.  43.  are  usually  of    piano 

wire.  On  some  ma- 
chines inspection  doors  are  provided  in  the  covering  for  inspec- 
tion and  adjustment  of  these  wires.  Owing  to  the  movements 
of  the  wooden  structure  of  the  plane  with  varying  weather, 
these  wires  have  a  great  tendency  to  work  slack.  Where 
inspection  doors  do  not  exist  the  slackness  of  the  wires  may 
be  detected  by  banging  heavily  on  the  spar  with  the  fist, 
whereupon,  provided  that  they  are  not  taped  together  at  their 
intersection,  they  will  be  heard  to  jangle. 

The  camber  or  intermediate  ribs  of  the  plane  serve  to  main- 
tain its  shape  and  to  transmit 

the  air  loads  on  the  fabric  to  .  I 

the  spars.     They  are  there-        tit  t     •.l_jj 

fore  loaded  chiefly  as  beams.     C~K  ^     ~JC~~~~~~--^-^. 

They  are  also  subject  to  com- 

.  .  FIG.  44. 

pression  owing  to  the  tension 

on  the  covering  fabric.  The  leading  portion  of  the  ribs,  speci- 
ally on  high-speed  machines,  has  to  be  particularly  carefully 
constructed,  since  in  the  case  of  steep  dives  it  may  be  very 
heavily  loaded.  In  some  cases,  as  shown  at  N  O  P  in  Fig.  41, 
extra  intermediate  ribs  are  fitted  at  the  leading  edge.  The 
ribs  are  usually  spaced  at  about  12  or  14  inches.  Fig.  45 
illustrates  two  forms  of  construction,  (b)  being  suitable  for 
small  machines  and  (a)  for  larger.  The  flange  is  usually  made 
from  a  strip  of  spruce  suitably  grooved  to  receive  the  web. 
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The  web  in  ribs  of  smaller  sizes  is  generally  made  from  one 
piece  of  three  ply  suitably  lightened,  and  in  the  larger-sized 
ribs  it  consists  of  small  spruce  struts  and  ties.  The  whole  is 
tacked  and  glued  together.  The  webs  are  made  continuous 
over  the  spars.  Particular  attention  must  be  paid  to  the  secure 
attachment  of  the  ribs  to  the  spars.  When  the  planes  are 
covered  the  fabric  is  always  sewn  to  the  ribs  with  string. 
Thus  they  are  supported  to  a  great  extent  against  secondary 
failure  by  buckling. 

The  leading  and  trailing  edges  are  made  of  spruce  where 
they  are  straight,  ash  being  spliced  on  to  them  at  their  bent 
portions.  The  bent  portions  are  steamed  and  bent  to  the  correct 
curvature.  The  main  function  of  these  parts  is  to  support 
the  tension  of  the  fabric. 


(a) 


(b) 

FIG.  45. 

Linen  is  almost  universally  used  for  the  covering  of  planes. 
Metal  has  been  used,  but  not  with  any  great  success.  Owing 
to  the  metal  necessarily  being  very  thin,  it  is  usually  cornigated 
when  put  to  this  use,  in  order  to  give  it  sufficient  stiffness. 
Fabric  is  stitched  on  to  the  framework  and  then  laced  to  the 
ribs  with  thin  cord.  It  is  then  doped,  which  renders  it  water- 
proof, gives  it  a  smooth  surface,  and  also  tightens  it.  The 
dope  also  adds  considerably  to  its  strength.  The  successful 
doping  of  planes  calls  for  a  certain  amount  of  experience,  without 
which  the  fabric  may  be  so  tightened  as  to  distort  the  plane. 
Usually  four  or  five  separate  dopings  are  required  thoroughly 
to  impregnate  the  fabric  and  give  it  a  good  surface.  The  surface 
may  be  further  improved  by  varnishing.  Over  the  ribs  where 
the  lacing  occurs  extra  strips  about  ij  inches  wide  are  doped 
on.  The  leading  and  the  trailing  edges  are  likewise  doubled. 
When  strips  or  patches  are  doped  on,  the  edges  must  always 
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be  frayed  out  for  about  A  of  an  inch.  This  gives  them  a  more 
secure  hold  and  prevents  them  from  working  loose.  Doping 
must  never  be  done  in  a  cold  atmosphere.  Doped  fabric  is 
considerably  affected  by  weather  conditions.  A  plane  that 
appears  tight  on  a  warm  day  will  be  very  slack  on  a  cold,  damp 
one. 

The  maintenance  of  the  planes  calls  for  periodical  cleaning 
and  occasional  repair  work.  The  most  satisfactory  method  of 
cleaning  is  with  lukewarm  water  and  soap.  Oil  is  particularly 
injurious  to  fabric  work  and  must  never  be  allowed  to  remain 
on  it.  The  occasional  repairs  may  involve  simply  the  patching 
of  small  holes  or  tears  in  the  fabric,  or,  in  some  cases,  small 
carpentry  repairs  to  the  internal  structure. 

In  order  to  repair  a  hole  or  a  rent  in  the  fabric,  the  sur- 
rounding dope  must  first  be  thoroughly  cleaned  off.  This  is 
commonly  done  with  acetone.  Next  the  rent  is  stitched  together. 
A  patch  somewhat  larger  than  the  hole  is  then  prepared,  its 
edges  being  frayed  out  preparatory  to  applying  it.  This  is 
lightly  doped  on.  A  second  patch  of  still  larger  dimensions 
is  usually  fixed  over  this  in  the  same  manner.  Three  or  four 
coats  of  dope  are  now  applied  to  the  whole.  A  patch  made  in 
this  manner  will  be  stronger  than  the  original  fabric,  and  will 
present  a  smooth  surface.  If  some  minor  structural  damage- 
to  a  rib  or  the  leading  edge  has  occurred,  it  is  necessary  to  strip 
a  larger  area  of  fabric  in  order  to  expose  the  work.  This  is 
repaired  in  exactly  the  same  manner,  the  fabric,  if  possible, 
being  so  slit  that  it  can  easily  be  rejoined ;  patching  strips  are 
doped  on  the  seam.  If  satisfactory  work  is  to  be  done,  a  warm, 
dry  day  must  be  chosen. 

If  the  machine  has  suffered  such  damage  as  to  render  it 
necessary  to  remove  any  one  of  the  planes  for  complete  repair, 
the  other  planes  should  be  treated  with  very  great  suspicion. 
Actual  or  incipient  cracks  may  be  present  in  the  spars  or  other 
vital  members,  and  may  be  difficult  to  detect  unless  the  plane 
is  completely  stripped.  The  spars,  being  the  most  essential 
members,  must  be  very  carefully  examined.  The  points  most 
liable  to  damage  naturally  vary  with  different  machines  and  also 
with  the  nature  of  the  accident  to  which  they  have  been  subject. 
Perhaps  the  point  most  often  injured  is  where  the  outer  inter- 
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plane  struts  join  the  spars,  or  at  splices,  if  these  exist.  Defects 
of  this  nature  can  often  be  detected  by  applying  upward  and 
downward  pressure  to  the  extreme  end  of  the  spar  and  listening 
carefully  along  its  length  for  any  undue  creaking  which  would 
indicate  a  sprung  splice  or  an  internal  split.  A  further  rough 
guide  also  is  obtained  by  comparing  the  force  required  to  deform 
the  spar  a  certain  amount  with  the  force  required  to  produce 
a  similar  distortion  in  another  similar  spar  known  to  be  sound. 
The  condition  of  the  rigging  of  the  machine  will  usually  be  a 
clue  to  the  nature  of  possible  plane  damage. 


CHAPTER  VIII 
THE   CONTROL   SYSTEM 

THE  normal  inherently  stable  aeroplane,  if  absolutely 
correctly  rigged,  will  itself  adopt  and  continue  in  a 
condition  of  straight  flight.  The  use  of  the  rudder, 
elevators,  and  ailerons  in  controlling  the  speed  and  direction 
of  flight  has  already  been  discussed.  A  point  which  has  not 
been  touched  upon  and  one  which  should  not  be  passed  over 
without  mention  is  the  effect  of  the  propeller  slip  stream  on  the 
controls.  On  nearly  all  machines  all  the  control  surfaces,  with 
the  exception  of  the  ailerons,  are  situated  in  the  slip  stream. 
This  has  a  great  effect  on  them.  The  velocity  of  the  air  in  the 
slip  stream  is  much  greater  than  the  velocity  affecting  other 
parts.  As  the  air  reactions  induced  vary  as  the  square  of  the 
air  speed,  this  has  the  effect  of  increasing  their  power  consider- 
ably. It  must  also  be  noted  that  when  the  machine  is  gliding 
and  the  slip  stream  is  not  present  the  rudder  and  elevators 
must  be  used  much  more  vigorously  to  achieve  the  same  results 
as  in  normal  flight. 

It  is  here  proposed  to  describe  the  mechanism  by  which 
the  control  surfaces  are  actuated.  Its  all-importance  cannot 
be  exaggerated.  Its  principles  of  action  and  construction  are 
very  simple,  and  the  various  components  always  have  a  very 
large  factor  of  safety.  The  pilot  must  not,  however,  allow  these 
facts  to  lull  him  into  any  false  sense  of  security,  for  a  very  minor 
failure  in  some  part  of  the  mechanism  may  lead  to  disaster. 
The  principle  which  has  been  standardised  is  that  a  movement 
of  any  control  in  any  direction  produces  a  corresponding  move- 
ment on  the  part  of  the  machine.  A  pressure  with  the  left 
foot  on  the  rudder  bar  causes  the  machine  to  swing  to  the  left ; 
a  forward  movement  of  the  control  pillar  causes  the  machine 
to  dive,  and  so  on. 
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'  Fig.  46  illustrates  diagrammatically  the  system  most  generally 
adopted.  The  principles  are  the  same  on  nearly  all  machines. 
The  actual  method  of  coupling  the  several  control  flaps  to  the 
control  levers,  however,  necessarily  varies  to  some  extent  in 
different  aeroplanes.  A  is  the  main  control  pillar.  It  was 
early  nicknamed  the  "  joy-stick."  This  term  has  since  been 
so  universally  adopted  that  it  has  come  to  be  accepted  practi- 
cally as  a  technical  term.  The  movement  of  this  pillar  controls 
both  the  elevators  and  the  ailerons.  The  rudder  is  controlled 


FIG.  46. 

by  the  rudder  bar  K,  on  which  the  pilot  rests  his  feet.  The 
pilot's  seat  C  is  so  arranged  that  he  sits  in  comfort  with  his  feet 
on  the  rudder  bar,  the  control  pillar  being  so  placed  that  it  pro- 
jects upwards  between  his  legs  in  such  a  position  that  he  can 
hold  it  comfortably  with  the  right  hand.  Any  manoeuvre 
of  the  machine  usually  calls  for  a  combined  movement  of  the 
hands  and  feet.  This  may  at  first  seem  somewhat  complicated. 
In  practice,  however,  the  movements  become  entirely  auto- 
matic and  instinctive.  It  is  only  during  his  earlier  training 
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that  the  pilot  has  to  split  up  and  analyse  his  various 
movements. 

The  control  pillar  is  pivoted  at  B  in  such  a  manner  as  to 
allow  it  complete  freedom  of  movement  in  all  directions.  A 
rod  F  couples  it  to  the  rocking  shaft  E,  which  is  usually  carried 
in  bearings  fixed  to  the  vertical  struts  of  the  fuselage.  This 
rocking  shaft  carries  two  double-ended  levers  D  to  which  the 
elevator  wires  are  coupled.  These  elevator  wires  are  coupled 
to  king-posts  on  the  elevators.  Any  fore  or  aft  movement  of 
the  control  pillar  then  causes  a  movement  of  the  elevators. 
It  is  necessary  that  when  the  control  lever  is  moved  forward 
the  machine  should  increase  its  speed  or  dive.  In  order  that 
it  may  do  this,  the  angle  of  incidence  of  the  main  planes  must 
be  decreased  by  raising  the  tail,  which  is  effected  by  the  depres- 
sion of  the  elevators.  With  the  arrangements  shown  in  the 
figure  it  is  evident  that  the  forward  movement  of  the  control 
pillar  causes  a  forward  movement  of  the  top  half  of  the  levers 
D  on  the  rocking  shaft.  The  top  ends  of  the  levers  D  must 
therefore  be  connected  with  the  lower  king-posts  of  the  elevators 
and  the  elevator  wires  G  crossed.  The  rod  F  is  so  jointed  as 
not  to  interfere  with  the  lateral  movement  of  the  control  pillar. 
It  will  be  noted  that  lateral  movements  of  the  pillar  have  no 
appreciable  effect  on  the  elevators. 

In  the  figure  a  very  simple  method  of  coupling  the  ailerons 
is  illustrated.  To  the  control  pillar  are  attached  two  wires  M. 
Let  the  course  of  one  of  these  be  followed.  It  passes  first  over 
a  pulley  N,  so  situated  that  the  fore  and  aft  movements  of  the 
control  pillar  will  not  appreciably  affect  the  aileron  control. 
It  passes  thence  to  a  guide  pulley  O  fixed  on  the  front  main 
spar  of  the  lower  plane.  The  pulley  O  guides  it  to  the  king- 
post P  situated  on  the  lower  suriace  of  the  aileron.  The  aileron 
on  the  top  plane  is  actuated  by  the  inter-aileron  wire  Q.  As 
the  control  pillar  is  pushed  over  to  the  left-hand  side  the  two 
ailerons  on  the  right-hand  side  are  depressed.  This  increases 
the  incidence  and  lift  on  the  right-hand  side  and  causes  the 
machine  to  bank  to  the  left.  The  power  of  the  lateral  control 
is  increased  by  the  addition  of  the  "  balance  wire  "  R.  The 
top  plane  ailerons  are  fitted  with  king-posts  P.  The  wire  R. 
which  passes  over  guide  pulleys  S  fitted  to  the  front  spar  of  the 
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top  plane,  connects  these  king-posts.  The  effect  of  this  wire 
is  that,  when  (say)  the  right-hand  ailerons  are  depressed,  they 
raise  those  on  the  left  by  means  of  the  balance  wire,  thus  doubling 
the  effect. 

The  rudder  control  is  very  simple.  To  the  rudder  bar  K, 
which  is  pivoted  on  the  floor  of  the  cock-pit  at  L,  are  connected 
two  wires  JJ.  These  are  led  directly  to  the  rudder  king-posts 
II.  The  tail  skid  (not  shown  in  the  figure)  is  also  commonly 
controlled  from  the  rudder  bar.  This  greatly  facilitates  steering 
the  machine  when  taxying.  Extra  wires  T  are  run  from  the 
rudder  bar  for  this  purpose.  These  wires  are  usually  fitted  at 
some  point  in  their  length  with  fairly  strong  tension  springs. 
When  turning  on  rough  ground  the  tail  skid  is  subject  to  a 
certain  amount  of  jarring;  these  springs  serve  the  purpose  of 
shock  absorbers,  insulating  the  rudder  bar  and  the  rudder 
controls  from  this  vibration. 

Other  controls  are  the  engine  controls,  switches,  and  tail 
adjustment.  These  are  usually  situated  on  the  left-hand  side 
so  that  the  pilot  need  not  remove  his  right  hand  from  the  main 
control  pillar  in  order  to  operate  them. 

The  engine  controls  normally  consist  of  three  levers — the 
throttle,  the  altitude  control,  and  the  ignition  control — a,  t, 
and  i  in  the  figure.  These  are  always  arranged  to  open  or 
advance  by  causing  the  lever  to  move  in  a  forward  direction. 
Switches  are  always  arranged  to  be  "  on  "  when  in  the  up 
position,  and  "  off "  when  in  the  downward  position.  Most 
propeller  accidents  afe  the  result  of  men  swinging  when  the 
switch  has  been  left  on,  and  for  this  reason  it  is  advisable  that 
the  main  switch  should  if  possible  be  situated  in  such  a  position 
that  the  men  swinging  the  propeller  can  see  it. 

A  tail  plane  control  is  fitted  on  most  modern  machines. 
It  consists  of  a  wheel  or  lever  by  means  of  which  the  incidence 
of  the  tail  plane  can  be  varied.  To  alter  the  speed  of  a  machine 
which  is  not  so  fitted,  the  incidence  of  the  main  planes  must 
be  varied  by  depressing  or  raising  the  elevators.  With  modern 
machines  which  have  a  sufficient  margin  of  engine  power  to 
fly  at  varying  speeds  and  rates  of  climb,  it  is  not  desirable  that 
the  pilot  should  be  compelled  continuously  to  hold  the  control 
pillar  in  a  position  corresponding  to  the  speed  at  which  he 
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wishes  to  travel.  An  adjustable  tail  plane  is  therefore  provided. 
With  this  device  to  increase  the  speed  he  simply  increases  the 
tail  plane  incidence  by  turning  its  control  wheel  forward  the 
requisite  amount.  The  standard  arrangement  is  that  the  top 
of  the  wheel  or  control  lever,  as  the  case  may  be,  moves  in  the 
same  direction  as  would  the  top  of  the  main  control  pillar  to 
achieve  the  same  result. 

Reasonable  "  lightness "  of  control  is  desirable.  In  the 
single-seater  machine  the  control  surfaces  are  comparatively 
small.  No  great  effort  is  therefore  demanded  of  the  pilot  to 
move  them.  In  the  case  of  a  larger  machine,  especially  if  the 

speed  be  high,  the  pressure 
on  the  surfaces  becomes 
much  heavier,  and  the 
machine  is  correspondingly 
"  heavy  "  on  control  Were 
he  not  aided  in  some  man- 
ner, a  super-man  would  be 
necessary  to  control  some  of 
the  newer  types  of  multi- 
seat  er  machines.  This  aid  is 
provided  by  partially  balanc- 
ing the  control  surfaces. 
Consider  the  force  required 
__to  turn  an  ordinary  rudder 
(Fig.  47  (I))  about  its  hinge 
AB.  This  depends  upon  the 
total  air  pressure  and  the 


FIG.  47. 


distance  of  the  centre  pressure  C  from  the  hinge.  Fig.  47  (II) 
shows  the  same  rudder,  but  partially  balanced  by  a  portion  X 
situated  forward  of  the  hinge.  The  rudder  may  now  be  divided 
by  a  line  ZY  into  two  parts,  such  that  the  centre  of  pressure  of 
the  upper  portion  is  situated  on  the  line  on  the  hinge. 
No  force  whatever  need  be  applied  to  turn  this.  The 
force  applied  to  the  rudder  is  then  simply  that  necessary 
to  turn  the  lower  portion,  which  has  its  centre  pressure 
at  C2.  Thus  the  new  balanced  rudder,  whilst  having  a 
larger  surface,  requires  less  force  to  turn  it.  Control  surfaces 
may  be  as  completely  balanced  as  the  designer  wishes.  An 
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over-balanced  control,  however,  is  a  source  of  danger.  The 
pilot  could  introduce  excessively  high  controlling  forces  without 
himself  using  undue  force.  These  might  be  quite  sufficient 
to  break  some  part  of  the  machine.  He  would  also  be  robbed 
to  a  great  extent  of  the  power  to  "  feel  "  the  condition  of  the 
machine. 

Before  turning  to  the  consideration  of  the  detail  of  the 
controls  a  word  may  be  said  concerning  the  extreme  importance 
of  standardisation.  The  standard  arrangement  must  never  in 
any  circumstances  be  deviated  from.  The  pilot  always  flies 
instinctively,  and,  even  if  it  be  possible  for  him  normally  to 
remember  on  some  particular  machine  he  is  flying  that  some 
special  detail  is  not  according  to  standard,  if  he  is  suddenly 
placed  in  some  emergency,  he  will  most 
certainly  act  instinctively  and  use  it  wrongly. 

On  most  larger  machines  of  the  multi- 
engined types  the  ailerons  are  not  controlled 
by  a  lateral  movement  of  the  control  pillar, 
but  by  a  hand  wheel  placed  upon  it,  as  shown 
in  Fig.  48.  The  control  movements  in  the 
machines  of  this  type  need  not  be  so  rapid. 
Moreover,  the  forces  required  to  control 
the  ailerons  are  much  greater.  The  control 
pillar  is  allowed  only  to  swing  in  a  fore 
and  aft  direction,  the  pilot  turning  the 
wheel  for  lateral  control.  The  wheel 
carries  a  drum  to  which  the  aileron  control  cables  are^led. 

Reliability  is  the  main  object  aimed  at  by  the  designers  of 
the  various  parts  of  the  control  system.  The  rudder  control 
wires  are  always  duplicated.  This  control  is  perhaps  the  one 
which  the  pilot  can  least  afford  to  do  without.  The  elevator 
controls  are  already  virtually  duplicated,  sufficient  emergency 
control  being  usually  obtainable  from  one  elevator  alone  in 
event  of  the  other  for  some  reason  becoming  inoperative.  A 
machine  with  normal  dihedral  angle  can,  in  steady  weather, 
usually  be  flown  without  using  the  lateral  control.  Breakage 
or  jambing  of  control  gear  is,  however,  an  exceedingly  rare 
occurrence,  and,  if  the  machine  is  well  looked  after,  should  be 
impossible.  The  loads  on  the  control  wires  are  never  very 
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great.  They  can  never  be  greater  than  the  pilot  can  exert 
upon  them.  Stranded  cable,  of  breaking  strength  usually  from 
10  to  15  cwt.,  is  nearly  always  used.  The  chief  reason  for 
using  cable  is  that  it  has  a  fair  amount  of  "  give  "  in  it,  and 
also  that  it  shows  signs  of  wear  before  it  breaks. 

The  control  wires  have  frequently  to  be  led  round  pulleys 
or  through  fairleads.  This,  of  course,  renders  a  flexible  cable 
essential.  Fairleads,  as  they  are  called,  are  often  used  to  guide 
cables  where  they  turn  through  very  slight  angles  or  where 
they  need  simply  to  be  steadied.  These  are  sometimes  made 
from  copper  tube.  Fibre  blocks  suitably  drilled  are  more 
commonly  used,  and  are  rather  better  than  metals  as  they  do 
not  chafe  the  cable  so  much.  Fairleads  should,  however,  always 
be  avoided  when  possible.  They  chafe  the  cable  and  ultimately 
cause  failure.  Guide  pulleys  are  better,  but  these  again  always 
cause  a  certain  amount  of  wear.  The  points  on  the  cables 
where  they  pass  through  fairleads  or  over  pulleys  must  be 
inspected  very  frequently.  A  stranded  cable  usually  breaks 
more  or  less  gradually,  the  most  highly  stressed  strands  going 
first.  If  the  fingers  are  run  along  the  cable  the  presence  of 
broken  strands  will  easily  be  detected.  Cables  should  always 
be  kept  greased,  and  any  points  subject  to  special  wear  must  be 
particularly  well  covered.  As  soon  as  any  point  in  the  cable 
shows  signs  of  wear  the  whole  cable  or  the  defective  part  should 
immediately  be  replaced.  At  points  where  cables  cross  one 
another  or  pass  through  fairleads  which  do  not  bend  them  they 
should  be  armoured  in  some  manner.  A  satisfactory  method 
is  to  slip  a  piece  of  copper  tube  over  them,  fixing  it  with  a  spot 
of  solder  at  one  end. 

All  the  moving  parts  of  the  system  should  be  readily  accessible 
for  inspection.  All  the  nuts,  turnbuckles,  etc.,  must  be  properly 
locked. 

Turnbuckles  (see  p.  76)  are  spliced  into  all  the  main  cables  so 
that  they  may  be  accurately  adjusted  in  the  first  instance  and  so 
that  the  gradual  stretch  which  always  occurs  in  use  may  be  taken 
up  as  necessary.  The  adjustment  of  the  control  cables  is  always 
a  matter  of  great  importance.  The  tendency  is  invariably  to 
make  them  too  tight.  If  they  are  tight,  friction  on  the  various 
bearings  is  introduced,  and  all  delicate  feel  of  the  machine  is  lost 
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to  the  pilot.  Furthermore  after^the  controls  have  been  coupled 
they  must  always  be  tried  in  all  positions  since  on  nearly  all 
machines  their  tightness  will  vary  to  some  extent  with  the  position 
of  the  levers.  In  this  connection  the  adjustable  tail  is  frequently 
a  source  of  danger  ;  in  some  machines  movement  in  the  tail  plane 
involves  a  slight  alteration  in  the  lengths  of  the  elevator  controls. 
If  these  be  rigged  tightly  in  what  may  be  called  the  slack  position 
of  the  tail  plane  they  will  tend  to  jamb  when  it  is  moved. 

In  machines  designed  for  high  speed  the  control  cables  are  as 
far  as  possible  situated  inside  the  fuselage  and  the  planes.  This 
is  conducive  to  a  smooth  exterior  of  low  resistance,  but  often 
means  that  these  parts  are  not  as  easily  accessible  as  they 
should  be. 

The  wise  pilot  will  make  a  point  of  periodically  inspecting 
the  control  system  himself,  thus  guarding  against  the  very  un- 
pleasant possibilities  which  may  attend  upon  its  failure. 


CHAPTER   IX 
THE  FUSELAGE 

THE  fuselage  of  an  aeroplane  acts  as  a  basis  for  attach- 
ment of  all  other  parts.  Its  chief  aerodynamic  function 
is  to  support  the  tail.  What  may  be  termed  its  general 
utility  functions  include  carrying  the  engine,  petrol  tanks,  pilot, 
control  gear,  etc.  It  may  be  considered  under  two  headings, 
the  general  utility  part,  and  the  cantilever  part  which  carries  the 
tail.  In  the  single  engine  pusher  aeroplanes,  the  latter  part  is 
replaced  by  a  "  nacelle,"  the  rear  portion  consisting  of  booms. 
In  the  case  of  large  multiple  engine  machines  the  engines  are 
commonly  situated  between  the  planes,  as  shown  in  Plate  I. 
The  fuselage  then  serves  for  the  accommodation  of  passengers  or 
load,  petrol  tanks,  centralised  control,  etc.  The  flying  boat  type 
of  seaplane  utilises  the  boat  portion  as  the  fuselage. 

Various  forms  of  construction  are  adopted.  The  simple 
fuselage  of  the  ordinary  pusher  usually  consists  of  hollow  section 
wood  or  steel  tube  booms,  suitably  braced  with  streamline  section 
struts  and  wires.  Practically  all  the  large  multi-engine  machines 
have  wood  longerons  and  struts  cross-braced  with  wire,  the  whole 
externally  covered  with  fabric  or  three-ply  wood.  "  Longeron  " 
is  the  name  given  to  the  continuous  fore  and  aft  members  which 
form  the  corners  of  the  structure.  The  commonest  form  of 
fuselage  is  that  used  in  the  ordinary  tractor  biplane.  It  is  pro- 
posed to  discuss  this  type  in  detail.  Other  types  are,  generally 
speaking,  in  some  respect,  a  simplification  of  this.  In  any  case, 
he  who  thoroughly  understands  this  type  will  find  little  difficulty 
in  inferring  for  himself  the  effects  of  the  modifications  which  occur 
in  others. 

The  general  arrangement  of  the  various  parts  is  shown  in 

Fig.  49,  which  represents  the  fuselage  of  a  long-distance  two  or 
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more  seater  tractor.  A  is  the  radiator  which  forms  the  nose 
of  the  machine.  B  are  the  engine  bearers  to  which  the 
engine  is  bolted,  and  which  are  carried  by  strong  cross 
frames  attached  to  the  longerons.  This  part  of  the  frame- 
work must  be  particularly  well  braced  against  torsional 
vibrations  which  may  occur  if  the  engine  is  not  running 
smoothly.  The  longerons  CC  and  DD  are  continuous  throughout 
the  length  of  the  machine.  E  is  the  undercarriage.  The  points 
where  this  is  attached  to  the  lower  longerons  must  be  specially 
strong  as  they  may  be  subjected  to  very  severe  shocks.  F  is  the 
oil  tank,  and  G  G  the  main  petrol  tanks.  These  are  situated 
as  near  to  the  centre  of  gravity  of  the  machine  as  possible,  so 
that  their  weight  variations  during  flight  will  not  affect  the 
balance  of  the  machine.  H  and  I  are  the  control  column  and  the 
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rudder  bar,  which  are  situated  in  the  pilot's  cockpit.  J  is  the 
instrument  board.  K  and  L  are  the  pilot's  and  passengers'  seats. 
All  this  constitutes  the  utility  portion  of  the  fuselage.  It  will 
be  noted  that  the  large  weights  are  all  concentrated  as  near  the 
centre  of  gravity  of  the  machine  as  possible.  This  portion  of  the 
fuselage  is  often  covered  with  three-ply  wood,  which  assists  the 
diagonal  bracing  wires,  and  is  more  durable  than  fabric.  This 
arrangement,  however,  renders  the  structure  comparatively 
rigid.  The  after  portion  is  entirely  relied  upon  for  adjustment, 
and  is  for  this  reason  covered  with  fabric  which  is  laced  on.  The 
after  part  of  the  fuselage  acts  as  a  cantilever  supporting  the  con- 
trolling forces  induced  by  the  operation  of  the  tail.  Also  owing 
to  the  non-symmetrical  arrangement  of  the  fin  and  rudder,  it  is 
subject  to  a  certain  amount  of  torsion.  Other  loads  are  intro- 
duced when  landing  by  the  tail  skid  M.  If  the  machine  is  taxied 
over  rough  ground  these  may  be  quite  severe.  N  is  simply  a 
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light  fairing  fitted  to  streamline  off  the  back  of  the  passengers' 
seat.  O  is  the  rudder  post  to  which  the  fin  and  rudder  are 
attached  and  from  which  the  tail  plane  is  braced. 

In  the  arrangement  of  the  cockpit  the  comfort  of  the  pilot 
and  passengers  must  be  studied.  The  machine  designed  as  a 
passenger  carrier  may  make  very  comfortable  provision  for 
the  latter  ;  the  pilot's  seat  is,  however,  necessarily  somewhat 
exposed.  It  must  always  be  so  situated  as  to  give  him  easy 
vision  in  all  directions  whilst  sitting  in  his  normal  position.  A 
suitably  designed  wind  screen  may  protect  him  from  the  wind. 
For  warmth  he  must  rely  upon  clothing,  although  different 
machines,  according  to  their  engine  arrangement,  vary  consider- 
ably in  this  respect  A  point  sometimes  neglected  is  that  the 

exhaust  fumes  should  be 
carried  well  clear  of  the 
pilot.  Otherwise  he  may 
be  very  seriously  affected 
by  them. 

The  internal  struc- 
tural arrangement  of  the 
after  portion  is  as  indi- 
cated in  Fig.  50,  one  bay 
only  being  shown.  The 
longerons  LL  are  called 


FIG.  50. 


upon  to  support  a  ten- 
sile or  compressive  load 
air  reaction  acting  on 
made  continuous.  The 


according  to  the  direction  of  the 
the  tail  plane.  They  are  therefore 
side  struts  AA  and  wires  BB  are  stressed  by  the  upward  and 
downward  tail  loads,  the  cross  struts  CC  and  wires  DD  by  the 
lateral  loads.  The  conditions  introduced  by  the  torsional  loads 
are  somewhat  complicated.  The  torsional  truth  of  the  fuselage, 
however,  depends  on  the  adjustment  of  the  wires  EE  of  the 
internal  bays.  A  form  of  the  joint  plate  used  is  illustrated  in 
Fig.  57- 

Successful  all-steel  fuselages  have  been  made,  the  wood 
struts  and  longerons  in  the  type  already  described  being  replaced 
by  steel  tubes.  The  joints  are  made  by  welding,  suitable  wiring 
lugs  being  welded  on.  An  exceedingly  strong  and  durable 
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structure  may  be  built  in  this  manner.  It  need  not  be  very 
much  heavier  than  the  wood-strut  type.  In  difficult  climatic 
conditions  a  construction  of  this  nature  has  very  obvious  ad- 
vantages. As  the  question  of  durability  comes  more  to  the 
fore,  the  application  of  metal  in  the  place  of  wood  will  become 
much  more  usual  in  many  parts  of  the  aeroplane.  A  disadvantage 
of  the  welded  steel  construction  is  that  it  is  somewhat  difficult 
to  repair  if  damaged. 

A  form  of  fuselage  construction  worthy  of  note  is  the  all 
three-ply  round  or  oval  section  commonly  known  as  the  "  mono- 
coque."  This  is  made  in  a  manner  somewhat  similar  to  the  hull 
of  a  flying  boat.  It  consists  essentially  of  an  oval  tube  of  three- 
ply  wood  stiffened  internally  with  light  ribs.  The  resulting 
fuselage  can  be  made  of  a  particularly  neat  streamline  shape.  It 
may  be  made  entirely  free  from  internal  cross-bracings,  and  is 
very  stiff.  Its  application  is  limited,  as  it  is  somewhat 
expensive.  The  flying  boat  shown  in  Plate  XV  exemplifies  the 
neat  external  lines  which  are  obtainable  by  this  mode  of  con- 
struction. It  is  not  easily  repaired  if  damaged  in  any  way. 

The  fuselage  as  a  whole  must  be  thoroughly  examined  from 
time  to  time  to  ensure  that  no  bracings  are  working  slack  or 
signs  of  failure  showing  in  any  of  the  wood  parts.  The  continually 
varying  loads,  to  which  the  different  parts  are  subject  in  service, 
will  always  cause  certain  members  to  require  occasional  adjust- 
ment. The  parts  usually  most  affected  are  the  bracing  wires 
transmitting  the  landing  shocks.  These  parts  should  always 
be  particularly  examined  after  a  heavy  landing.  It  is  landing 
and  taxying  that  is  responsible  for  most  of  the  fuselage  wear  and 
tear.  If  the  shock  absorber  on  the  wheels  and  tail  skid  are  too 
tight,  the  whole  structure  may  be  subject  to  a  great  deal  of  un- 
necessary jarring.  A  certain  amount  of  care  is  also  necessary 
when  man-handling  a  machine.  The  main  point  of  importance 
is  that  lifts  must  be  applied  at  the  joints  of  the  structure,  and  not 
at  points  in  between  them,  as  in  the  latter  case  the  parts  handled 
are  subject  to  severe  bending  loads.  A  practice  to  be  recom- 
mended is  the  fitting  of  special  handles,  which  need  be  neither 
heavy  nor  unsightly,  at  the  lower  joints  near  the  tail.  Care  must 
also  be  taken  when  doping  the  fabric  covering,  otherwise  the 
resulting  shrinkage  will  bend  the  longerons  inwards,  thus  pre- 
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disposing  them  to  failure  when  in  compression.  It  must  always 
be  made  a  rule  that  the  cockpits  and  interior  be  kept  thoroughly 
clean,  otherwise  dirt  or  cleaning  rags,  etc.,  may  work  into  a 
position  such  that  some  vital  control  becomes  jambed, 

The  landing  gear  or  undercarriage  in  the  case  of  the  ordinary 
tractor  machine  is  fixed  to  the  fuselage.  In  the  case  of  the  larger 
multiple  engine  machines,  where  the  engines  are  situated  between 
the  planes,  a  separate  landing  gear  is  usually  provided  beneath 
each  engine.  Fig.  51  shows  diagrammatically  some  of  the 
arrangements  commonly  adopted.  The  fundamental  desiderata 
of  the  undercarriage  are  as  follows  :  It  must  be  sufficiently 
strong  to  resist  a  reasonably  heavy  landing.  It  should  not 
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however,  be  excessively  strong,  otherwise  rather  than  give 
way  itself,  it  will  break  some  other  part  of  the  machine  more 
difficult  to  replace.  It  must  insulate  the  machine  from  the 
shocks  due  to  landing  and  to  the  unevenness  of  the  ground  when 
taxying.  It  must  be  of  sufficient  height  to  allow  the  planes  to 
assume  their  maximum  lift  angle  before  the  tail  skid  comes  in 
contact  with  the  ground,  and  also  to  provide  a  sufficient  ground 
clearance  for  the  propeller,  when  the  tail  is  lifted.  The  wheels 
must  be  situated  forward  of  the  centre  of  gravity  of  the  machine. 
They  must  also  be  sufficiently  far  apart  to  ensure  the  lateral 
stability  of  the  machine  on  uneven  ground. 

The  simple  "  V  "  type  of  undercarriage  is  now  almost  univer- 
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sal  for  single  engine  tractor  machines.  The  undercarriages  on 
larger  machines  are  usually  similar  in  principle,  but  somewhat 
more  complicated  in  detail.  The  V  struts  are  made  of  wood  or 
steel.  Steel  undercarriages  are  built  up  from  streamline  section 
tubes  welded  together,  or  from  a  single  bent  circular  section  tube 
fitted  with  light  wooden  streamlining.  The  upper  ends  of  the 
struts  are  either  bolted  to  lugs  or  fitted  into  sockets  provided 
on  the  lower  longerons.  The  V's  in  the  case  of  a  single  under- 
carriage are  usually  splayed  outwards  in  order  to  give  the  wheels 
a  sufficiently  wide  track.  They  are  joined  at  their  lower  ex- 
tremity by  a  strut  which  is  generally  utilised  to  provide  a  fairing 
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FIG.  52. 


for  the  axle.  Cross-bracing  is  added  to  render  the  undercarriage 
laterally  rigid. 

[*•  The  wheels  rotate  on  a  steel  tubular  axle,  which  lies  in  the 
point  of  the  "  V."  This  axle  is  attached  to  the  "  V  "  struts 
by  some  shock-absorbing  device.  The  commonest  arrangements 
consist  simply  of  a  lashing  of  stranded  rubber  cord.  Another 
form  sometimes  used,  known  as  the  "  Oleo  "  type,  consists  of  a 
combination  of  spiral  springs,  and  an  oil  dash-pot.  The  load 
in  this  latter  type  is  transmitted  to  a  piston  in  an  oil  cylinder, 
the  piston  forcing  the  oil  out  of  the  cylinder  through  aT  con- 
stricted passage.  As  the  load  is  relieved  the  springs  return  the 
piston,  sucking  the  oil  into  the  cylinder  again,  thus  preparing  it 
to  receive  another  shock. 
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The  commonest  arrangement  is  for  rubber  cord,  or  shock 
absorber  as  it  is  usually  called,  to  be  applied  at  each  end  of  the 
solid  axles  as  shown  in  Fig.  52  (a).  In  some  cases,  however,  the 
axle  is  jointed  in  the  centre,  moving  as  indicated  in  Fig.  52  (b). 
More  detailed  diagrams  of  the  method  in  which  the  shock  absorber 
is  applied  are  shown  in  Fig.  53.  The  shock  absorber  is  always 
wound  on  with  an  initial  tension  sufficient  to  hold  the  axle  in 
its  lowest  position  when  the  machine  is  standing,  thus  leaving 
its  maximum  amount  of  play  available  for  the  absorption  of 
shocks.  The  harshness  in  operation  may  be  adjusted  by  varying 
the  length  of  the  cord  wound  on,  and  the  initial  tension  at  which 

it  is  wound.  The  more  shock 
absorber  used,  and  the  greater  the 
initial  tension,  the  harsher  will  it 
be,  and  the  greater  landing  shock 
will  it  absorb.  Only  experience  can 
teach  the  correct  length  of  cord  for 
each  particular  type  of  machine. 

The  wheels  used  on  aeroplanes 
are  always  of  the  wire  spoke  type. 
These  are  considerably  lighter  than 
other  types,  because  the  load  is 
transmitted  from  the  rim  to  the 
hub  by  a  direct  tension  of  the  upper 
spokes,  this  condition  allowing  of 
the  most  economical  use  of  material. 
The  hubs  are  fitted  with  phosphor- 
bronze  bushes  which  run  on  the  axle  tube.  The  hubs  are  made 
fairly  long  so  that  the  spokes  may  be  set  at  a  sufficient  angle  to 
support  the  side  loads  to  which  the  wheels  may  become  subject  if 
the  machine  is  moving  in  a  slightly  crab-wise  manner  relative  to 
the  ground  when  it  lands.  Fabric  discs  are  fitted  to  the  wheels  to 
lessen  their  air  resistance.  The  tubes  and  tyres  are  similar  to 
those  used  on  a  car,  but  are  made  very  much  lighter.  The  tyres 
transmit  no  drive,  and  only  fun  along  the  ground  for  short 
distances.  They  are  therefore  subject  to  very  little  wear. 
Punctures  are  infrequent.  When  they  do  occur,  however,  they 
must  always  be  very  soundly  repaired.  A  tyre  which  goes  down 
in  the  course  of  a  flight  may  very  easily  be  the  cause  of  a  mishap 
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on  landing.  It  is  usual  to  keep  spare  wheels  complete,  inflated^ 
ready  for  use.  It  is  then  known  for  certain  that  the  tyres  are 
sound. 

The  wheel  fixing  usually  consists  simply  of  a  cap  which  fits 
over  the  end  of  the  axle,  and  which  is  fixed  by  means  of  a  large 
split  pin  or  bolt,  passing  diametrically  through  it.  This  arrange- 
ment is  very  simple  and  proves  entirely  satisfactory  in  service. 
The  fixings  must  be  inspected  from  time  to  time  to  ensure  that 
they  are  sound.  If  the  fixing  is  by  means  of  split  pins,  the  same 
pin  should  never  be  used  more  than  once.  The  fact  that  it  has 
already  been  bent  once  renders  it  very  apt  to  snap  off  if  used 
again.  If  a  wheel  does  come  off,  the  consequences  are  bound  to  be 
disastrous. 

The  undercarriage  requires  comparatively  little  attention 
in  use  beyond  the  occasional  greasing  of  the  wheels  and  a  periodi- 
cal general  inspection.  It  should  be  specially  carefully  scrutinised 
after  a  heavy  landing.  The  points  where  failure  is  most  likely 
to  occur^are^the  join  of  the  "  V,"  the  axle,  and  the  fittings  to 
the  fuselage.  A  bent  axle  is  usually  sufficiently  obvious.  If  the 
bend  is  only  very  slight  it  may  be  allowed  to  remain  untouched 
until  it  shows  signs  of  getting  worse.  As  axle  tubes  are  generally 
made  of  specially  hardened  steel  it  is  not  ordinarily  wise  to 
attempt  to  straighten  them.  If  the  undercarriage  is  seriously 
strained,  it  will  usually  be  made  evident  by  the  slackening  of  one 
of  the  cross-bracing  wires.  One  of  the  most  useful  tests  to  apply 
is  to  sight  the  undercarriage  from  the  side.  If  either  of  the  "  V  " 
struts  is  failing,  it  will  probably  appear  to  have  moved  forward 
slightly  relative  to  the  other. 

The  tail  skid  supports  the  weight  of  the  after  part  of  the 
machine  when  it  is  standing  or  landing.  The  load  which  it  has 
to  bear  depends  on  the  distance  the  wheels  are  placed  forward 
of  the  centre  of  gravity  of  the  machine.  Any  load  on  the  tail 
skid  has  to  be  supported  by  the  cantilever  portion  of  the  fuselage  ; 
it  is  therefore  desirable  that  it  should  not  be  greater  than 
necessary.  This  fact  to  a  great  extent  controls  the  fore  and  aft 
position  of  the  wheels,  making  it  desirable  that  they  should  be 
placed  only  so  far  forward  as  is  essential  to  prevent  the  machine 
tipping  on  its  nose  when  taxying.  The  tail  skid  is  usually  pro- 
vided with  a  cross  bar  at  the  top,  coupled  to  the  rudder  bar, 
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the  skid  thus  being  made  to  act  as  a  kind  of  land  rudder.  A 
further  function  of  the  tail  skid  is  to  act  as  a  brake.  At  the  point 
where  it  makes  contact  with  the  ground  it  is  shoed  with  steel. 
This  shoe,  which  in  some  cases  is  specially  shaped  for  the  purpose, 
exerts  a  braking  effect  on  the  machine,  thus  reducing  the  distance 
which  it  takes  to  pull  up  after  having  landed.  Brakes  have  been 
tried  on  the  wheels  for  this  purpose.  The  scheme  has,  however, 
been  abandoned  owing  to  the  fact  that  application  of  the  brakes 
proved  very  apt  to  throw  the  machine  on  its  nose,  since  the  wheels 
are  situated  so  nearly  under  the  centre  of  gravity  of  the  machine. 
In  use  the  tail  skid  calls  only  for  occasional  re-shoeing,  and 
a  certain  amount  of  consideration  on  the  part  of  the  pilot.  When 
the  machine  is  taxying  with  its  tail  on  the  ground,  the  tail  skid, 
and  what  is  more  important,  the  after  part  of  the  fuselage,  is 
subject  to  a  considerable  amount  of  jarring.  The  pilot  must, 
so  far  as  he  is  able,  minimise  this.  This  point  is  of  particular 
importance  in  frosty  weather.  Whilst  taxying,  the  control  lever 
should  be  held  well  forward,  thus  providing  an  air  reaction  on  the 
underside  of  the  tail,  which  greatly  relieves  the  load  on  the  tail 
skid.  A  further  point  of  some  importance  is  the  manner  in 
which  a  machine  is  swung  round  on  the  ground.  When  this 
swinging  is  assisted  by  men  on  the  wing  tips  it  may  be  very  rapid. 
The  effect  of  this,  especially  if  the  point  of  contact  of  the  skid  and 
the  ground  is  some  distance  from  the  centre  line  of  the  fuselage, 
is  to  impose  very  serious  torsional  strains  on  the  structure  of  the 
latter. 


CHAPTER  X 
STRUTS  AND  WIRES 

ONE  of  the  great  advantages  of  the  strut  and  tie  form 
of  construction  adopted  in  aeroplanes  is  its  flexibility. 
By  slightly  adjusting  the  lengths  of  the  various  members, 
the  shape  of  the  structure,  after  approximate  erection,  is  brought 
into  exact  truth.  The  slight  deformation  resulting  from  wear 
and  tear  may  also  be  corrected.  Although  machines  have 
been  built  with  struts  of  adjustable  length,  this  is  not  common. 
The  usual  practice  is  for  the  struts  to  be  of  fixed  length,  the  ties 
or  wires  being  relied  upon  for  adjustment.  In  order  that  it 
may  be  correctly  tuned  up  to  take  its  fair  share  of  the  load,  every 
wire  in  the  structure  must  be  provided  with  some  adjusting 
device.  All  that  is  required  by  the  struts,  then,  is  some  form 
of  end-fixing  which  will  transmit  their  compression  load  to  them 
and  at  the  same  time  be  incapable  of  subjecting  them  to  any 
bending  load,  the  latter  point  being  of  particular  importance 
in  the  case  of  the  longer  struts. 

The  internal  structure  of  the  planes  and  fuselage  has  already 
been  dealt  with,  and  it  is  proposed  to  devote  this  chapter 
chiefly  to  the  consideration  of  the  external  struts  and  wires. 
Most  of  what  is  said  in  this  connection  is,  however,  of  very  general 
application.  In  particular,  the  common  forms  of  wiring  adjust- 
ment and  fittings  are  collectively  described  here,  although  the 
streamline  form  of  wire  has  now  become  practically  universal 
for  all  external  wiring. 

The  inter-plane  struts,  which  are  always  of  streamline 
section,  are  usually  made  of  solid  wood.  As  considerations  of 
strength  only  demand  the  maximum,  the  section  near  the  centre, 
these  struts  are  usually  tapered  towards  their  ends.  Tapering 
the  ends  also  admits  of  a  neater  end  fitting  and  one  which  will 
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not  unduly  interfere  with  the  attachment  of  the  various  wires. 
Figs.  54  and  56  show  typical  forms  of  end  fittings  for  inter- 
plane  struts  together  with  the  wiring  plates.  It  will  be  noted 
that  the  compressive  load  is  transmitted  to  the  strut  by  the 

pressure  of  a  pin  which  fits  an  eyed 
or  fork-ended  bolt.  Steel  struts  are 
commonly  used  for  undercarriages 
and  in  some  cases  for  interplane 
struts.  They  consist  of  either  solid 
drawn  tubes  fitted  with  a  light  fairing 
which  is  bound  on  with  fabric,  or  of 
steel  tubes  of  streamline  section.  The 
former  type  is  lighter,  but  the  latter 
offers  many  advantages  for  small 
sizes.  The  all-steel  strut  has  the 
great  advantage  of  being  unaffected 
by  climatic  conditions. 

In  the  case  of  large  machines  the 
solid  wood  strut  becomes  somewhat 
heavy,  and  considerable  economy  results  from  the  adopting 
of  a  built-up  or  a  composite  section.  Fig.  55  illustrates  a  built- 
up  wood  section.  Here  the  built-up  box  section  takes  the 
load,  a  light  wood  fairing  being  fixed  to  it.  A  strut  of 
this  nature  would  be  lapped 
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externally  with  glued  and 
varnished  fabric.  The  com- 
posite section  strut  is  one 
which  relies  on  both  metal 
and  wood  for  its  strength. 
Such  a  section  is  also  illus- 
trated in  Fig.  55.  Here  an  H 
section  metal  core  is  stiffened 
against  failure  in  its  weaker 
direction  by  the  wood,  which 
also  acts  as  a  fairing. 

Although  wooden  struts  are  at  present  very  largely  used 
in  British  machines,  as  considerations  of  durability  come  more 
to  the  fore  it  is  probable  that  metal  will  be  much  more  generally 
adopted.  The  commercial  machine  will  be  designed  to  do  a 
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great  many  more  air-hours  than  the  normal  war  machine  does. 
It  will  also  have  to  be  so  designed  as  not  to  demand  the  constant 
attention  and  adjustment  which  are  necessary  in  the  case  of  a 
structure,  the  various  members  of  which  are  differently  affected 
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FIG.  56. 

by  variations  of  temperature  and  moisture.  Fig.  57  shows  a 
typical  fitting  used  for  the  internal  structure  of  the  fusel- 
age, the  point  shown  being  where  a  vertical  and  cross  strut 
join  the  longeron. 

There  are  four  types  of  tension  bracing  in  common  use :  the 
piano  wire,  the  swaged  wire,  the 
flexible  cable,  and  the  streamline 
wire.  The  piano  wire,  which  was 
universally  used  on  the  earliest 
types  of  aeroplane,  is  now  only 
used  for  internal  bracings.  It  is 
very  strong,  but  has  not  much 
"  give."  The  swaged  circular 
section  wire,  which  is  screwed  at 
each  end,  has  largely  taken  the 
place  of  the  piano  wire  for  inter- 
nal fuselage  and  other  short  brac- 
ings where  a  considerable  number 
of  wires  of  one  length  are  required. 
It  obviates  the  use  of  a  turnbuckle. 


FIG.  57. 


Cable  is  used  where 
flexibility  is  required  or  where  sudden  shock  is  likely  to 
be  encountered.  It  gives  considerably  before  finally  breaking, 


76 


THE  COMPLETE  AIRMAN 


FIG.  58. 


which' in  case  of  sudden  shock  is  often  very  desirable.  The 
streamline  wire  is  a  solid  wire  screwed  at  the  ends  and  rolled 
to  a  streamline  section  throughout  the  remainder  of  its  length. 
Its  application  considerably  reduces  the  head  resistance  of  a 
machine.  It  is  therefore  practically  universally  used  for  ex- 
ternal wiring.  Swaged  and  streamline  wires  are  manufactured 
by  rolling  down  to  the  desired  section  a  wire  of  diameter 

sufficient    to    form 

A  C  the  end  threads. 

I^^^:^^^  Inthecaseofthe 

D  piano  wire  and  the 

flexible  cable,  turn- 
buckles  are  jointed 
or^spliced  into  the  wire  to  provide  for  its  adjustment.  Fig.  58 
illustrates  a  typical  turnbuckle.  It  consists  of  a  bronze  barrel 
A  into  which  screw  the  two  steel  end  pieces  B  and  C,  which  may 
be  fork  or  eye-ended.  These  two  ends  are  oppositely  threaded  so 
that  they  are  drawn  together  as  the  barrel  is  rotated.  The  barrel 
is  provided  with  a  small  tommy  hole  D  into  which  may  be  in- 
serted a  spike  to  turn  it.  When  a  turnbuckle  has  been  adjusted 
it  must  always  be  locked  to  pre- 
vent it  from  slacking  back.  This 
is  done  by  passing  a  piece  of  soft 
iron  wire  through  the  tommy  hole 
and  twisting  it  as  indicated  in  the 
figure.  Where  turnbuckles  are 
used  care  must  always  be  taken 
that  the  screwed  parts  are  suffici- 
ently buried  in  the  barrel,  i.e. 
that  sufficient  threads  are  en- 
gaged. For  this  reason  the  end 
pieces  are  often  shaped  as  indi- 
cated in  the  figure,  it  then  being  necessary  that  the  whole  of 
the  threaded  portion  should  be  hidden  from  view. 

In  the  case  of  swaged  and  streamline  wires,  the  two  end 
pieces  are  oppositely  screwed  and  fit  into  suitable  end  fittings 
attached  to  the  wiring  plates  by  means  of  pins.  Two  common 
forms  of  fittings  are  shown  in  Fig.  59.  In  the  first  form  the 
wire  is  locked  by  means  of  a  small  nut.  The  screw  thread  on 
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a  wire  is  always  made  of  such  dimensions  that  the  diameter 
of  the  metal  at  the  bottom  of  the  threads  is  at  least  equal  to 
the  diameter  of  the  body  of  the  wire.  In  connection  with  the 
locking  of  screwed  wires,  it  must  always  be  remembered  that  the 
nut  imposes  a  stress  over  and  above  that  to  which  the  working 
load  subjects  the  metal,  and  for  this  reason  it  must  never  be 
screwed  up  more  tightly  than  is  absolutely  necessary.  Swaged 
wires  have  a  small  square  section  formed  near  the  ends,  as  shown 
in  the  figure,  for  the  purpose  of  applying  a  spanner  to  adjust  them. 
The  second  form  of  end  fitting  shown  is  self-aligning  and|is 
commonly  used  on  long  streamline  wires  subject  to  vibration. 
This  type  has  the  advantage  that  it  can  adapt  itself  to  any 
slight  lack  of  truth  which  may  exist  in  the  wiring  lug. 

The  joints  in  flexible  cables  must  be  made  by  splicing.  A 
metal  "  thimble  "  is  always  fitted  inside 
the  loop  of  the  splice.  This  serves  the 
double  purpose  of  preventing  the  cable 
from  being  bent  too  sharply  and  also  of 
protecting  it  from  chafing.  The  splice  is 
usually  served  with  waxed  thread,  or  in 
some  cases  sweated  with  solder  to  prevent 
the  ends  working  loose.  The  practice  of 
sweating  the  splice  is  not  altogether  to  be  ,  »  ,1% 

recommended,  since  if  it  is  unskilfully  done 
it  is  apt  to  result  in  overheating  and  con- 
sequently weakening    of    the    cable.     Splices  subject  to  heavy 
loads  should  be  examined  from  time    to   time;  they  are  the 
weakest  part  of  the  cable  and  will  give  out  first. 

The  joints  in  piano  wire  are  very  simply  and  quickly  made 
by  using  ferrules,  as  shown  in  Fig.  60.  These  ferrules  are  usually 
made  of  twisted  wire  and  are  of  oval  shape  suitable  for  the 
gauge  of  wire  to  which  they  are  to  be  applied.  The  points  of 
most  importance  in  forming  these  joints  are  that  the  loops 
should  be  small  and  round  and  that  the  end  piece  should  be 
turned  sharply  back.  Fig.  (a)  shows  a  good  end,  and  Fig.  (b) 
a  bad  loop.  The  whole  joint  may  be  considerably  strengthened 
by  soldering. 

Swaged  and  streamline  wires  have  the  advantage  that  by 
suitably  designing  the  end  fittings  the  strength  of  the  ends 
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may  be  equal  to  that  of  the  body  of  the  wire.  In  the  case  of 
the  spliced  cable  and  the  piano  wire  the  strength  is  usually 
reduced  by  20  per  cent.  The  strengths  of  stranded  wires  and 
cables  are  tabulated  in  the  Appendix. 

The  fittings  or  wiring  plates,  which  are  situated  at  the  various 
joints  of  the  structure,  are  usually  made  from  mild  steel  stamp- 
ings pressed  to  the  correct  shape  and  in  some  cases  welded. 

Fig.  56  illustrates  wiring 
plates  as  used  for  the  main 
plane  bracings.  Fig.  57 
shows  a  form  of  joint  used 
in  the  fuselage.  The  fittings 
must  be  so  shaped  as  to  cause 


(a) 


(CJ 


the 


lines  of  action  of  the 
various  forces  to  pass  as 
nearly  as  possible  through  a  common  point.  The  importance 
of  this  has  already  been  explained  in  Chapter  VI.  Where 
fittings  of  any  kind  are  bolted  to  soft  wood,  care  must  be  taken 
that  they  have  sufficient  bearing  or,  in  the  case  of  bolts,  that  a 
sufficiently  large  washer  is  used  to  prevent  the  wood  being  injured. 
In  some  cases  hard  wood  pads  are  placed  between  the  fitting 
and  the  softer  wood.  Fig.  61  illustrates  a  point  which  must  be 
avoided.  A  wiring  lug  bent  as  shown 
in  (a)  would  fail  by  bending  at  A.  The 
fitting  should  be  bent  as  shown  in  (b). 
If  for  some  reason  it  is  necessary  to 
carry  out  the  wiring  plate  as  in  (a), 
then  a  stiff  washer,  as  shown  in  (c), 
must  be  fitted.  Care  must  always  be 
taken  that  the  lugs  are  properly 
aligned  with  the  wires  attached  to 
them. 

A  wiring  lug  may  fail  by  fracturing 
at  X,  Y,  or  Z,  as  shown  in  Fig.  62.  At  Z  it  is  subject  to 
simple]  tension  and  is  sufficiently  strong  when  made  equal  in 
strength  to  the  wire  which  loads  it.  The  metal  at  X  and 
Y  is,  however,  also  subject  to  a  certain  amount  of  bending, 
and  for  this  reason  must  be  more  amply  proportioned. 
The  enlarged  and  exaggerated  section  in  Fig.  62  (b) 
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illustrates  how  this  occurs.  The  maximum  stresses  occur  at  Y. 
The  lug  should  thus  be  shaped  as  indicated.  There  is  one  other 
form  of  weakness  from  which  the  lug  may  suffer.  If  it  be 
made  too  thin,  the  bearing  pressure  on  the  pin  may  exceed 
the  crushing  strength  of  the  material.  This  will  result  in 
either  the  lug  or  the  pin,  whichever  is  softer,  failing.  For 
this  reason  an  extra  thickness  of  metal,  as  shown  in  Fig.  62  (c), 
is  sometimes  brazed  on. 

Where  bracing  wires  cross  one  another,  and  are  liable  to 
chafe,  they  must  be  protected.  This  is  chiefly  necessary  at 
points  where  the  external  streamline  wires  cross  as  they  are 
there  edge  to  edge.  The  most  satisfactory  arrangement  is  to 
fit  a  small  hardwood  or  fibre  streamline  bobbin  between  them. 
Two  types  of  these  are  shown  in  Fig.  63.  This  arrangement 
has  the  added  advantage  that  it 
steadies  them  against  vibration, 
to  which  they  are  very  liable. 
Vibration  in  a  wire  usually  indi- 
cates that  it  is  rigged  too  slack,  or, 
in  the  case  of  a  streamline  wire, 
that  it  is  not  set  quite  correctly 
relative  to  the  air  flow.  Any 
wire  noted  to  be  vibrating  must 
be  adjusted,  since  the  vibration 
may  add  considerably  to  the  stress  to  which  it  is  subject. 
Cables  and  piano  wires  of  any  length  are  commonly,  taped 
with  adhesive  tape  at  their  intersection. 

Apart  from  occasional  rigging  adjustments  which  are  dealt 
with  elsewhere,  the  only  attention  required  by  the  struts  and 
wires  in  service  is  periodical  cleaning.  Struts,  the  surface  of 
which  is  usually  varnished,  require  nothing  more  than  an 
occasional  wipe  down.  If  their  varnish  shows  signs  of  wear 
they  should  be  re  varnished  to  prevent  ingress  of  moisture. 
Wires  must  be  thoroughly  cleaned  and  lightly  greased  periodi- 
cally. Once  they  have  been  properly  cleaned  a  periodical 
wipe  over  with  an  oily  rag  will  keep  them  in  good  condition. 
Paint  and  anti-rust  preparations  are  generally  to  be  avoided 
as  it  is  usually  found  that  the  rust,  commencing  at  some  exposed 
spot,  eats  its  way  under  the  covering.  Internal  wires  are 
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commonly  painted  white.  These  are  not  exposed  to  the  weather 
or  any  form  of  abrasion,  and  the  white  paint  serves  as  a  pro- 
tection and  also  immediately  shows  up  any  tendency  to  rust. 
When  greasing  wires  special  attention  must  be  paid  to  the  end 
fittings  and  screw  threads.  In  overhaul  work  generally  it 
must  be  made  a  rule  that  all  screw  threads  are  thoroughly 
greased.  Otherwise  they  will  become  rusted  in  service  and 
consequently  difficult  or  even  impossible  to  unscrew. 
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CHAPTER  XI 
THE  PROPELLER 

THE  aeroplane  propeller  is  simply  a  development  of  the 
propeller  as  used  in  water.  Before  the  advent  of  the 
aeroplane  the  windmill  and  the  rotary  fan  were  practi- 
cally the  only  applications  of  the  principle  to  the  production 
or  utilising  of  air  motion.  One  of  the  most  difficult  problems 
with  which  the  pioneer  airman  was  faced  was  the  produc- 
tion of  efficient  propellers. 
The  ordinary  fan  provided 
him  with  a  principle,  but 
with  very  little  practical 
data  upon  which  to  work  it 
oat.  He  was  called  on  to 
produce  a  fan  as  light  as  ,  . 
possible  and  capable  of  effi- 
ciently converting  a  very  ^  ^ 
considerable  horse  -  power 
into  an  air  thrust. 

Let  the  conditions  under 
which  the  propeller  works 
be  analysed.  It  rotates  at 
a  certain  number  of  revolu- 
tions per  second,  and  at  the 
same  time  travels  forward  with  a  certain  translational  velo- 
city which  is  the  speed  of  the  machine.  Consider  a  small 
part  of  the  blade  at  B,  the  flight  path,  for  so  it  may  be  termed, 
is  the  helix  b  b  b  (Fig.  64).  Likewise  the  flight  path  of  the 
element  C  is  the  helix  c  c  c. 

Fig.  65  shows  a  plan  view  of  Fig.  64,  the  size  of  the  propeller 
being   somewhat   exaggerated  for  purposes  of   demonstration. 
6 


FIG.  64. 
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The  blade  is  shown  sectioned  at  the  point  B.  Suppose  that 
this  section  makes  an  angle  6  with  its  flight  path ;  then,  owing 
to  its  motion  through  the  air,  it  will  be  subject  to  an  air  reaction 
P.  This  force  P  may  be  resolved  into  two  forces,  namely,  T 
parallel  to  the  direction  of  motion  and  E  at  right  angles  to  it. 
Here,  then,  is  the  principle  of  the  propeller.  By  applying  a 
turning  moment  equal  to  E  multiplied  by  the  distance  A  B 
(Fig.  64)  to  the  section  B  of  the  propeller,  a  pull  equal  to  T  is 
produced  in  the  direction  of  flight. 

A  point  thoroughly  to  be  grasped  is  that  the  section  B  is 

subject  to  exactly  the  same 
conditions  as  the  wing  of  an 
aeroplane.  In  order  to  make 
the  propeller  as  efficient  as 
possible,  it  is  necessary  that 
T  should  be  large  compared 
with  E  for  each  section. 
It  must  be  borne  in  mind, 
however,  that  the  efficiency 
is  the  ratio  of  work  done  by 
the  engine  on  the  propeller 
to  the  work  done  by  the  pro- 
peller on  the  machine.  It  is 
TV, 


therefore 


where    V, 


FIG.  65. 
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and  Vr  are  the  velocities  of 
the  section  in  the  direction  ot  flight  and  at  right  angles  to  the 
direction  of  flight  respectively.  It  may  be  proved  that  the 
efficiency  is  greatest  when  6  has  a  value  near  to  45°. 

Using  the  same  nomenclature  as  in  the  case  of  an  ordinary 
wing  section,  the  angle  0  is  the  angle  of  incidence.  Suppose 
that  this  is  altered.  Referring  to  Fig.  65,  it  is  evident  that 

Tp 

as  6  is  increased  the  ratio  —  is  also  increased,  i.e.  the  efficiency 

of  the  propeller  is  reduced.  Its  efficiency  is  then  increased  by 
reducing  the  angle  of  incidence  of  the  blade.  If  the  angle  D 
is,  however,  reduced  to  zero,  P  will  become  purely  a  drag  force 
and  no  pull  will  be  exerted  by  the  propeller.  There  is  therefore 
some  small  angle  at  which  the  section  is  most  efficient.  This, 
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as  in  the  case  of  a  wing  section,  is  found  to  be  about  4°.  As 
the  section  of  the  propeller  blade  is  acting  under  the  same 
conditions  as  a  wing  section,  it  is  made  of  similar  shape.  Fig.  66 
shows  an  enlarged  view  of  Fig.  65,  the  section  of  the  blade  and 
the  angle  of  incidence  being  approximately  those  adopted  in 
practice. 

So  far  only  the  section  at  the  point  B  has  been  considered. 
The  same  argument  exactly  applies  to  any  other  section  C. 
It  will  be  noted,  however,  that  the  section  at  C  must  offer  a  4° 
angle  of  incidence  to  the  particular  flight  path  at  that  radius. 
The  blade  of  the  propeller  must  therefore  be  more  and  more 
inclined,  i.e.  the  angle  <f>  in  Fig.  65  becomes  greater  and  greater 
as  the  boss  is  approached. 


6 


The  following  technical  terms  are  commonly  met  with. 
The  Angle  of  Incidence  of  the  blade  is  the  angle  which  the  chord 
of  the  section  at  any  point  makes  with  its  path  through  the  air. 
Referring  to  Fig.  65,  it  is  the  angle  9.  The  Pitch  of  the  propeller 
is  the  distance  which  it  travels  forward  per  revolution  if  the  angle 
of  incidence  is  zero,  or  more  accurately  when  the  section  has  a 
"  no  lift  "  angle  of  incidence.  In  the  case  of  a  curved  blade 
section  this  would  demand  a  slight  negative  angle  of  incidence 
as  measured  on  the  chord  (see  KL  curve  in  Fig.  24).  Supposing 
that  in  these  circumstances  the  section  follows  the  path  shown 
by  the  line  Ab  in  Fig.  66,  the  pitch  is  the  distance  AB  X  2.  The 
pitch  angle  of  the  blade  is  the  angle  <j>.  It  must  be  remembered 
that  this  approaches  90°  as  the  boss  is  approached.  In  order  to 
exert  a  pull  the  blade  must  necessarily  have  a  certain  angle  of 
incidence.  It  then  travels  forward  a  distance  of  only  AC  X  2  per 
revolution.  The  distance  CB  is  termed  the  Slip,  and  the  Slip 
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Ratio,  as  it  is  called,  is  CB/AB.  It  will  be  noted  that  as  the  slip 
ratio  varies  so  does  the  angle  of  incidence,  and  consequently  the 
efficiency. 

In  all  actual  propellers  the  angle  of  the  blade  over  the  more 
effective  part  of  its  length  is  less  than  45°.  It  is  evident  then 
that  for  the  same  forward  velocity  a  slowly  revolving  propeller  is 
more  efficient  than  one  of  the  same  diameter  revolving  more 
rapidly.  Similarly  one  of  small  diameter  will  be  more  efficient. 
The  absorption  of  the  necessary  horse-power  forces  the  designer 
to  adopt  a  diameter  greater  than  the  most  efficient  one.  A 
limit  in  size  is  imposed  by  centrifugal  stresses  in  the  timber. 

The  general  principles  upon  which  the  propeller  works  now 
being  understood,  it  is  possible  to  proceed  to  discuss  the  various 
factors  controlling  its  actual  design. 
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The  load  on  the  blade  due  to  the  air  reaction  at  any  point 
is  equal  to  KApV2.  The  important  point  to  be  noted  here  is  that 
the  velocity  of  any  point  on  the  blade  is  proportional  to  its  dis- 
tance from  the  centre  of  the  propeller.  The  air  forces  on  the  blade 
therefore  increase  very  rapidly  as  the  maximum  diameter*  is 
approached.  I 

Fig.  67  shows  a  typical  propeller  blade,  cross  sections  at 
different  radii  being  drawn.  The  reasons  for  the  varying  shape 
of  these  cross  sections  may  be  examined.  There  are  two  principal 
factors  which  control  the  disposition  of  the  material :  firstly, 
considerations  of  aerodynamic  efficiency  in  producing  thrust, 
and,  secondly,  the  stresses  to  which  the  material  is  subjected  by 
the  loading. 

It  has  been  shown  that  the  effectiveness  and  efficiency  of  the 
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blade  increase  as  the  tip  is  approached.  The  blade  is  therefore 
commonly  shaped  so  that  the  face  is  wider  in  these  parts.  The 
extreme  tip  is,  however,  subject  to  "  end  effects  "  in  exactly 
the  same  way  as  are  the  tips  of  wings.  It  is  therefore  shaped 
away  in  a  similar  manner.  The  cross  section  of  the  outer  parts, 
which  travel  at  the  highest  speed  and  contribute  the  bulk  of  the 
propelling  force,  must  be  as  aerodynamically  efficient  as  possible. 
A  section  approximating  to  that  of  an  efficient  wing  section  is 
therefore  made  use  of.  In  the  case  of  a  propeller  a  flat  lower 
surface  is  nearly  always  adopted  ;  the  gain  in  efficiency  due  to 
hollowing  it  is  not  great  „  and  would  also  add  considerably  to  the 
difficulties  of  manufacture.  Another  factor  which  has  to  be 
considered  in  deciding  the  general  shape  is  the  position  of  the 
centre  of  pressure.  The  centre  of  pressure  of  the  efficiently 
sectioned  portions  lies  about  one-third  of  the  chord  distant  from 
the  leading  edge.  As  the  less  efficient  portions  near  the  boss 
are  approached  it  recedes.  It  like- 
wise recedes  (as  in  the  case  of  the 
wing)  at  the  tip.  Its  position  at 
various  sections  is  indicated  by  the 
broken  line  in  Fig.  67.  Supposing 
that  the  centre  of  pressure  were  at  all  FlG  68 

points  on  one  side  of  the  neutral  axis 
XY  of  the  blade,  then,  the  propeller  being  a  comparatively  flexible 
wooden  structure,  the  result  would  be  that  in  use  the  blade  would 
twist,  altering  its  pitch  angle.  The  blade  should  be  so  shaped  that 
the  loads  at  each  side  of  the  axis  balance  one  another,  thus  having 
no  tendency  to  twist  the  blade. 

The  disposition  of  the  material  to  resist  the  mechanical  loads 
on  the  blade  may  now  be  considered.  The  two  loads  to  which 
the  blade  is  subject  are  the  load  due  to  the  air  reaction  and  that 
due  to  the  centrifugal  force.  The  air  reaction  load  on  the  blade 
is  as  indicated  by  Fig.  68.  This  subjects  the  blade  to  bending 
stresses.  The  bending  moment  increases  as  the  boss  is  ap- 
proached; consequently,  the  moment  of  inertia  of  the  cross 
section  must  increase  correspondingly.  The  centrifugal  forces 
cause  a  tensile  stress  in  the  material ;  this  likewise  increases 
towards  the  boss.  Owing  to  the  curved  shape  of  the  blade 
centrifugal  loads  also  introduce  bending  stresses  ;  these  may  be 
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utilised  to  balance  those  due  to  air  loading.  The  varying  cross 
sections  shown  in  Fig.  67  are  now  readily  understood.  The  sections 
near  the  tip  are  not  subject  to  great  mechanical  stress  ;  it  is  there- 
fore possible  to  make  them  fairly  light  and  of  an  efficient  aerofoil 
section.  A  section  such  as  C  nearer  the  boss  is  subject  to  consider- 
able stresses,  and  a  corresponding  amount  of  material  must  be  so 
disposed  in  it  as  efficiently  to  support  them.  The  section  is  there- 
fore a  compromise  between  aerodynamic  and  mechanical  efficiency. 
As  the  boss  is  approached  the  sections  become  less  and  less  aero- 
dynamically  efficient.  These  portions  are  travelling  comparatively 
slowly.  Therefore,  though  they  do  little  else  but  churn  air,  the 
resulting  losses  are  not  necessarily  great. 

In  some  cases  the  centre  portion  of  the  propeller  is  fitted  with 
a  streamline  cowl  or  "  spinner  "  (as  indicated  in  Fig.  69).  This 
shields  the  inefficient  centre  portion.  The  gain  in  speed  is  in 

some  cases  quite  considerable.  The 
cowl  may  be  shaped  to  the  lines  of  the 
fuselage,  which  certainly  gives  the  ma- 
chine a  very  clean  appearance. 

Propellers  are  commonly  made  with 
either  two  or  four  blades.     The  design 
of  either  type  is  exactly  the  same.     A 
four-bladed  propeller  would  absorb  twice 
IG*  6g'  the  power  of  a  two-blader  of   similar 

dimensions.  Actually,  however,  the  maximum  diameter  being 
usually  the  controlling  factor,  the  four-blader  can  be  geared  down 
to  a  slower  speed  and  run  slightly  more  efficiently.  The  gain  in 
propeller  efficiency,  however,  would  probably  be  lost  again  in  the 
gearing.  Run  on  the  same  shaft  the  four-bladed  propeller  could 
be  made  of  less  diameter  and  give  more  ground  clearance,  which 
in  many  machines  is  a  point  of  great  value.  A  four-bladed  pro- 
peller is  usually  better  balanced  than  a  propeller  with  two  blades. 
It  is  also  less  likely  to  get  out  of  balance  in  use.  The  four-bladed 
propeller  is,  however,  usually  weaker  at  the  boss,  owing  to  its 
construction.  On  account  of  the  extra  timber  and  the  increased 
amount  of  work  required  in  its  manufacture,  it  is  considerably 
more  expensive. 

The  boss  of  the  propeller  serves  simply  to  couple  it  to  the 
engine  shaft  and  to  transmit  the  torque  to  the  blades.  A  steel 
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liner  designed  to  fit  the  engine  shaft  is  bolted  in.  Fig.  70  shows 
a  typical  boss.  The  drive  is  not  transmitted  from  the  wood  to 
tha  metal  by  shear  on  the  bolts,  but  by  the  factional  grip  of  the 
plates  on  the  wood.  For  this  reason  the  bolts  must  always  be 
kept  very  tight.  They  should  also  be  locked  in  some  way.  This  is 
usually  done  either  by  split  pins  or  spring  washers.  The  drive 
is  usually  transmitted  from  the  shaft  to  the  steel  boss  by  serra- 
tions, as  shown  at  B  ;  these  must  be  a  very  good  fit.  In  order 
to  locate  the  boss  endwise  there  is  commonly  a  cone,  as  at  C,  which 
fits  a  corresponding  cone  on  the  end  of  the  shaft.  A  large  nut 
on  the  engine  shaft  is  screwed  up  against  the  face  F,  holding  the 
whole  solid.  This  nut  again  must  be  carefully  locked. 

Propellers  are  usually  made  of  walnut  or  mahogany,  or 
sometimes  a  com- 
bination of  the^two. 
These  woods  com- 
bine toughness  and 
elasticity  with  con- 
siderable mechanical 
strength.  The  use  of 
inferior  woods  would 
entail  the  adopting 
of  larger  cross  sec- 
tions and  a  conse- 
quent sacrifice  of 
efficiency.  A  hard 
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wood  is  necessary  to  resist  the  wear  and  abrasion  to  which  the 
propeller  is  subject.  In  the  most  recent  designs,  however, 
this  is  provided  against  by  sheathing  the  propeller  with  varnished 
fabric  or  even  metal.  Metal  sheathing  is  usually  confined  to  the 
tips ;  it  has,  however,  in  some  cases  been  applied  to  the  whole 
of  the  leading  edge.  Propellers  for  seaplanes  must  be  par- 
ticularly well  sheathed  on  account  of  the  abrasive  action  of 
spray. 

Propellers  are  always  laminated,  i.e.  built  up  from  a  number 
of  boards  glued  together.  The  thickness  of  the  laminations 
is  usually  about  £  inch.  By  adopting  this  form  of  construction 
it  is  possible  to  use  specially  selected  smaller  pieces  of  wood  with 
suitable  grain.  A  well-glued  joint  is  as  strong  as  the  timber. 
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This  method  of  manufacture,  besides  providing  for  greater 
strength,  is  also  economical  of  timber  as  the  laminations  are  so 
shaped  before  being  glued  that  comparatively  little  material 
has  to  be  cut  away  in  the  final  shaping.  The  surface-finishing 
of  a  propeller  is  a  matter  requiring  considerable  care.  The 
surface  is  usually  French  polished  or  varnished.  In  addition  to 
being  smooth  and  hard  it  must  be  moisture-proof,  otherwise  the 
glue  between  the  laminations  becomes  softened  by  damp  or  oil. 
In  the  finishing,  particular  attention  must  be  paid  to  the  balance. 
As  the  propeller  is  rotating  at  such  a  high  speed,  balance  is  a 
matter  of  extreme  importance.  This  may  be  well  illustrated 
by  considering  an  example.  Suppose  that  the  tip  of  one  blade 
of  a  propeller  9  feet  in  diameter  running  normally  at  1600  r.p.m. 
becomes  chipped,  the  chip  removed  weighing  \  oz.  The  out- 
of-balance  force  introduced  will  be  : 

_i_    /i6oo 

WV2    32X^~6o~  X27rX 
~^T  ~~32X4f~ 

= about  123  Ibs. 

This  unbalanced  force  would  cause  vibrations  which  might  be 
attended  by  serious  results. 

The  chief  factor  controlling  the  size  of  most  aeroplane  pro- 
pellers is  ground  clearance.  When  a  machine  is  taking  off  it  may 
lift  its  tail  practically  to  flying  position  before  its  wheels  leave 
the  ground.  It  is  therefore  necessary  that  in  this  position  the 
propeller  tips  shall  be  given  an  adequate  clearance.  Landings 
have  frequently  to  be  made  in  comparatively  long  grass,  and  a 
clearance  sufficient  to  prevent  the  tips  touching  this  is  desirable. 
In  the  case  of  airships  the  propellers  are  commonly  made  of 
much  greater  diameter  in  order  that  they  may  be  efficient  at  the 
comparatively  slow  speed  of  the  ship. 

All-steel  propellers  have  recently  been  manufactured.  They 
are  made  from  sheet  metal  pressed  to  a  shape  similar  to  that  of  a 
wood  propeller.  The  steel  sections  are  assembled  by  welding. 
The  resulting  propeller  is  both  weatherproof  and  durable. 

Propellers  are  comparatively  costly  things  and  are  easily 
damaged.  A  few  remarks  on  their  care  will  therefore,  perhaps, 
not  be  out  of  place.  When  not  in  use  the  blades  should  have 
covers  put  on  them  to  protect  them  from  moisture.  An  engine 
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should  never  be  run  up  on  a  dusty  or  gritty  patch  of  ground. 
The  propeller  draws  up  the  grit  and  even  small  stones,  the 
surface  becoming  abraded  or  bruised  as  a  result.  When  it  is 
necessary  to  take  a  machine  off  in  long  grass  the  tail  should 
not  be  lifted  higher  than  need  be  before  leaving  the  ground, 
otherwise  the  tips  will  be  damaged  by  contact  with  the  grass. 
Rain  should  never  be  flown  through  when  it  can  be  avoided. 
It  causes  serious  abrasion  of  the  leading  edge  of  the  propeller. 
A  long  flight  through  rain,  in  fact,  usually  renders  a  propeller 
useless  for  further  service. 

Propellers  should  be  examined  periodically  for  damage. 
The  points  to  be  given  special  attention  are  abrasion  of  the 
surface,  failure  of  the  glued  joints,  chips  or  bruises  caused  by 
small  stones,  etc.  Any  failure  of  the  glued  joints  can  usually 
be  detected  by  bending  the  blades.  Creaking  will  indicate 
trouble  of  this  nature.  If  the  surface  generally  has  become 
seriously  worn  the  propeller  should  be  returned  to  the  makers 
to  be  done  up.  If  the  surface  is  fabric  covered,  the  air,  having 
once  damaged  the  covering,  will  soon  make  its  way  between  it 
and  the  wood.  Moisture  is  then  driven  in  and  the  glue  affected. 
Repair  work  of  this  nature  is  certain  to  have  considerable  effect 
on  the  balance,  and  it  must  therefore  be  done  where  facilities 
exist  for  testing.  Small  chips  or  bruises  may  be  repaired  by 
cutting  away  the  small  damaged  portion  and  neatly  dovetailing 
and  gluing  in  a  new  piece  of  similar  wood.  This  work  must  be 
done  very  carefully  so  as  not  to  disturb  the  balance. 

Propellers  when  not  in  use  should  be  kept  in  a  dry  place. 
They  should  be  supported  by  the  boss,  so  that  there  is  no  weight 
on  the  blades  such  as  would  tend  in  time  to  warp  them  and  alter 
their  pitch.  The  whole  propeller  should  from  time  to  time  be 
turned  so  that  the  blades  become  subject  to  exactly  the  same 
influences,  and  any  slight  warp  which  may  take  place  may  be 
evenly  distributed. 


CHAPTER    XII 
THE  AERO-ENGINE 

THE    aeroplane   was   rendered    possible   by  the  advent 
of  the  petrol  motor,  which  provided  a  power  unit  of  light 
weight  capable  of  developing  considerable  horse-power 
despite  its  lightness.     Modern  aero-engines  are  built  in  powers 
ranging  from  35  to  600,  and  weigh  complete  from  about  if  to 
3  Ibs.  per  brake  horse-power. 

Practically  all  the  engines  in  use  work 
on  the  four-stroke  or  Otto  cycle.  This 
may  be  very  briefly  described.  Fig.  71 
shows  a  cylinder  designed  to  work  on  this 
cycle.  A  is  the  inlet  valve  which  admits 
the  explosive  gas  generated  in  the  carbur- 
ettor,  and  B  the  exhaust  valve  through 
which  the  products  of  combustion  are  dis- 
charged. C  is  the  sparking  plug  at  which 
the  magneto  produces  a  spark  to  ignite  the 
mixture. 

The  cycle  occupies  four  strokes  of  the 
piston  or  two  revolutions  of  the  crank- 
shaft. Suppose  the  piston  to  be  at  the 
top  of  its  stroke.  As  it  travels  downwards 
the  inlet  valve  A,  which  is  normally  held 
closed  by  the  spring,  is  opened  by  the  action 
of  the  cam  D  on  the  "  half-time  "  shaft.  The  "  half-time  "  shaft 
is  so  called  because  it  is  rotated  at  half  the  speed  of  the  crank- 
shaft, this  being  necessary  as  the  complete  cycle  occupies  two 
revolutions  of  the  latter.  As  the  piston  travels  downwards  it 
sucks  into  the  cylinder  a  supply  of  gas.  When  the  bottom  of 
this  stroke,  called  the  "  suction  stroke,"  is  reached  the  valve 
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closes.  The  piston  now  travels  upwards,  compressing  this 
supply  of  gas  to  about  one-fifth  of  its  original  volume  ;  this 
stroke  is  called  the  "  compression  stroke."  When  the  piston 
reaches  the  top  of  its  travel  a  spark  is  produced  by  the  magneto, 
which  is  suitably  geared  from  the  engine,  at  the  sparking  plug  C. 
The  mixture  explodes,  and  the  pressure  rises,  forcing  the  piston 
down  ;  this  is  called  the  "  working  stroke."  When  the  piston 
nears  the  bottom  of  this  working  stroke  another  cam  on  the 
half-time  shaft  opens  the  exhaust  valve.  As  the  piston  travels 
upwards  the  burnt  gases  are  discharged,  the  exhaust  valve 
closing  at  the  top  of  the  stroke  ;  this 
is  called  the  "  exhaust  stroke."  The 
cycle  is  then  repeated.  Actually  owing 
to  the  inertia  of  the  gases,  the  time 
taken  to  ignite  them,  and  other  causes, 
the  timing  of  the  valves  and  ignition 
is  as  shown  in  Fig.  72.-  The  time  lag 
which  takes  place  in  these  operations 
is  readily  understood  when  it  is  con- 
sidered that  the  whole  of  the  cycle 
described  takes  place  in  about  TT  of  a 
second.  FlG-  72. 

Consider    now    the    torque    on    the    At  A.  inlet  valve  opens ;  ab 
crankshaft.     Only  during  the  working       is  suction  stroke- 

-       ,     ,~.  f   ,.  AtB.  Inlet  valve  closes ;  be 

stroke,  or  for  half  a  revolution  in  every       is  compression  stroke. 

two,     is     work     being    supplied     to     it.     At  C.  Spark  occurs;    cd  is 

During  the  remaining  one  and  a  half       working  stroke, 
revolution    it    is    itself     supplying     a 

certain  amount  of  work  to  the  piston.  At"E.  Exhaust  valve  closes. 
In  order  to  obtain  a  more  or  less  steady 

torque  on  the  crankshaft  it  is  necessary  to  use  a  considerable 
number  of  cylinders  acting  either  on  cranks  at  different  angles 
or  set  at  different  angles  to  the  crankshaft.  There  are  a  variety 
of  ways  in  which  these  cylinders  may  be  arranged,  and  engines 
are  commonly  categorised  according  to  the  cylinder  arrangement 
adopted.  There  are  two  main  controlling  factors  which  decide 
the  crank  angles,  numbers,  and  arrangement  of  cylinders  in  the 
different  types.  First,  balance — that  is,  the  mechanical  balancing 
of  the  various  reciprocating  and  rotating  masses  amongst  them- 


At  D.  Exhaust  valve  opens ; 
de  is  exhaust  stroke. 
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selves.  Secondly,  evenness  of  torque,  which  calls  for  an  even 
series  of  explosions  or  working  strokes.  The  latter  factor 
controls  the  firing  order  of  the  cylinders.  Unfortunately  space 
does  not  permit  of  any  very  detailed  discussion  of  these  matters. 

The  main  types  of  engine  are  as  follows  : 

The  first  is  the  six-cylinder  vertical.  Here  the  crankshaft 
has  six  cranks  disposed  at  120°.  Examples  of  this  type  of 
construction  are :  the  Beardmore,  the  Siddeley-Deasy  Puma 
(see  Plate  V),  the  Mercedes,  the  Benz,  and  most  other  German 
engines. 

The  second  type  is  the  "  V "  type.  This  is  a  develop- 
ment of  the  vertical,  resulting  from  the  call  for  more  power. 
Many  difficulties  arise  when  the  power  per  cylinder  is  increased 
abnormally.  The  weight  of  the  large  parts  necessitated,  moving 
at  high  speed,  introduces  excessive  inertia  loads  on  the  bear- 
ings ;  the  piston  speed  also  becomes  excessive,  which  leads  to 
lubrication  difficulties.  An  obvious  solution  is  to  adopt  more 
than  one  bank  of  cylinders,  acting  on  the  same  crankshaft. 
In  the  case  of  the  V  engine  the  cylinders  are  arranged  as  indicated 
in  Plate  II.  The  inlet  manifolds  are  usually  arranged  between 
the  cylinders  and  the  exhaust  manifolds  externally.  Examples 
of  this  type  are :  the  Rolls  Royce,  the  Liberty,  and  the 
Renault. 

The  "  Fan  "  type  of  engine  is  simply  a  further  development, 
yet  a  third  bank  of  cylinders  being  inserted  vertically  between 
the  two  banks  of  the  V  type.  The  Fan  type  of  engine  is 
commonly  made  with  three  banks  of  four  cylinders,  although 
engines  with  four  banks  have  recently  been  constructed.  The 
engine  is  consequently  shorter.  The  advantage  of  this  is  that 
the  crank-case  structure  is  stiffer  and  lighter.  Further  the 
crankshaft,  being  made  shorter,  is  less  liable  to  torsional  strain. 
It  will  be  understood  that  in  the  case  of  a  six-throw  crankshaft 
the  torsional  deflection  may  be  quite  appreciable  when  the 
explosion  force  of  an  end  cylinder  is  being  transmitted  to  the 
propeller.  Examples  of  the  Fan  type  are  :  the  Napier  Lion 
(see  Plate  XIV)  and  the  Sunbeam. 

The  "  Radial  "  type  of  engine  which  was  much  used  in  the 
early  days  of  aviation  and  which,  after  a  period  of  comparative 
disuse,  is  again  coming  to  the  fore,  has  the  cylinders  equally 
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disposed  round  the  circumference  of  a  circular  crank-case. 
Plate  IX  indicates  the  arrangement.  The  number  of  cylinders 
is  always  odd,  this  being  rendered  necessary  by  considerations 
of  firing  order.  There  may  be  one  or  more  circles  of  cylinders,  all 
the  cylinders  of  a  circle  working  on  the  same  crank.  The  radial 
engine  is  particularly  light  in  relation  to  the  horse-power  de- 
veloped. The  form  of  construction,  as  compared  with  the 
vertical  or  V  types,  requires  a  very  short  crankshaft  and  crank- 
case,  the  result  being  a  considerable  saving  in  weight.  Examples 
of  this  type  of  construction  are  :  the  Anzani,  Canton  Une, 
ABC,  and  Cosmos. 

A  type  of  engine  particularly  suitable  where  only  a  small 
power  is  required  is  the  horizontal  twin.  This  has  two  cylinders 
acting  on  separate  cranks  at  180°.  It  is  particularly  well 
balanced  and  should  prove  very  useful  in  the  lighter  single- 
seated  type  of  aeroplane.  As  at  present  constructed  it  has 
many  features  in  common  with  the  radial  types.  Examples 
are  :  the  ABC  Gnat,  and  the  Siddeley-Deasy. 

The  last  type  of  engine  is  the  "  Rotary."  The  conception 
of  how  the  rotary  engine  works  sometimes  presents  a  little 
difficulty,  though  it  is  not  really  difficult  to  understand.  In 
the  case  of  a  radial  engine  the  crank-case  is  mounted  in  the 
machine  and  the  propeller  is  carried  by  the  crankshaft.  In 
the  case  of  the  rotary  engine  the  crankshaft  is  fixed,  with 
the  result  that  the  engine  has  to  go  round.  To  it  is  attached 
the  propeller.  The  rotary  is  very  similar  in  appearance  to  the 
radial.  All  the  existing  types  are  air  cooled,  the  motion  of  the 
cylinders  through  the  air  being  sufficient  to  maintain  them  at  a 
suitable  working  temperature.  The  rotary  engine  has  the  same 
advantage  as  the  radial  as  far  as  saving  in  weight  is  concerned. 
It  has  also  the  advantage  of  fly-wheel  effect.  As  the  horse- 
power and  weight  of  these  engines  have  increased,  however,  this 
fly-wheel  effect  has  come  to  be  a  disadvantage  on  account  of 
the  gyroscopic  action  which  it  exerts.  The  gyroscopic  effect 
causes  the  machine  to  tend  to  dive  when  turning  in  one  direction, 
or  to  climb  when  turning  in  the  opposite  one.  On  account  of 
its  comparative  lightness  the  rotary  engine  has  been  largely 
adopted  for  small  high-speed  machines.  Here  the  gyroscopic 
action  is  particularly  felt,  and  it  is  this  factor  which  is  largely 
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responsible  for  the  present  tendency  to  readopt  the  radial  type. 
The  rotary  engine,  on  account  of  the  fact  that  the  mixture  is 
sucked  through  the  crank-case,  and  also  owing  to  the  difficulty 
of  oiling  the  overhead  valve  gear,  presents  a  certain  problem 
as  regards  lubrication.  Castor  oil,  which  does  not  mix  so  readily 
as  mineral  oil  with  petrol,  has  to  be  used.  The  rate  of  con- 
sumption is  very  high.  Examples  of  the  type  are  :  the  Gnome, 
the  Le  Rhone,  the  Clerget,  and  the  Bentley. 

The  two-stroke  cycle  engine,  which  is  exceedingly  simple, 
being  without  valves,  will  probably  be  developed  in  the  future 
for  aero  purposes.  Up  to  the  present  time  its  development  in 
the  larger  sizes  has  not  got  beyond  the  experimental  stage. 

The  principal  desiderata  of  an  aero-engine  are  low  weight 
per  horse-power,  reliability  and  smoothness  of  running,  low 
fuel  and  oil  consumption,  compactness,  simplicity  of  construc- 
tion, ease  of  overhaul,  reasonable  initial  cost,  and  freedom  from 
liability  to  fire. 

The  question  of  weight  does  not  end  with  the  engine  itself. 
All  the  accessories  must  be  included.  In  the  case  of  the  water- 
cooled  engine  the  weight  of  the  radiator  and  cooling  water 
must  be  added.  Separate  special  accessories,  such  as  petrol 
pressure  pumps,  controls,  etc.,  must  be  considered.  Another 
important  factor  in  the  weight  problem  is  fuel  economy.  An 
engine  designed  to  be  of  minimum  weight  per  horse-power  is 
usually  less  economical  in  oil  and  petrol.  For  flights  of  short 
duration  the  combined  weight  of  engine  and  fuel  would  be  less 
with  the  light  engine.  For  prolonged  flights,  however,  a  heavier 
engine  and  a  more  economical  one  would  be  ultimately  the 
lighter  combination. 

Reliability  is  a  subject  on  which  a  very  great  deal  might 
be  said.  Given  skilful  piloting,  probably  nine-tenths  of  the 
accidents  which  occur  are  attributable  to  engine  trouble.  The 
commercial  value  of  reliability  is,  therefore,  obvious.  If  difficult 
country  is  to  be  traversed  or  bad  weather  to  be  encountered, 
nothing  but  the  best  is  good  enough.  The  development  of  aero- 
engines during  the  past  three  or  four  years  in  this  respect  has 
been  remarkable.  It  is  the  result  of  the  immense  amount  of 
experiment  and  experience  provided  by  the  war. 

The  strength  of  any  chain  is  measured  by  that  of  its  weakest 
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link.  After  the  most  skilful  designer  has  done  his  utmost  to 
bring  the  various  parts  to  a  standard  of  safety,  tests  only, 
either  on  the  bench  or  in  the  air,  can  be  relied  upon  to  effect 
further  improvements.  Questions  of  wear,  for  instan'ce,  are 
chiefly  matters  of  test.  In  any  new  engine  certain  parts  will 
be  found  to  wear  out  unduly  in  use.  The  designer  must  take 
this  matter  in  hand,  substituting  more  durable  materials  for 
those  originally  used  in  these  parts,  improving  their  lubrication, 
or  increasing  their  dimensions  as  may  be  advisable.  Over- 
loading is  certain  to  occur  sooner  or  later,  and  when  an  engine 
is  sufficiently  overloaded  something  inevitably  breaks.  This 
reveals  the  engine's  weakest  spot,  and  when  the  latter  has  been 
strengthened  the  next  weakest  fails.  Thus  by  a  process  of 
constant  experiment  with  its  resulting  eliminations,  a  chain  is 
obtained  in  which  all  links  are  equally  strong.  As  a  matter 
of  fact  the  engine  having  no  weak  point  is  in  the  nature  of  an 
ideal.  The  practical  engine  is  purposely  designed  with  certain 
weaker  points,  the  object  being  to  localise  any  damage  which 
may  occur  owing  to  an  excessive  overload  to  some  particular 
replaceable  member ;  this  acts  in  a  way  as  a  safety  valve  for 
the  rest  of  the  structure.  Although  a  very  great  deal  depends 
on  the  original  design,  it  is  only  by  subsequent  lavish  experiment 
that  the  maximum  reliability  is  reached. 

A  few  of  the  most  important  factors  which  contribute  to 
reliability  of  running  may  be  discussed. 

Perhaps  the  commonest  cause  of  failure  is  faulty  lubrica- 
tion. Any  failing  in  this  direction  is  felt  immediately  by  an 
engine  working  under  the  severe  conditions  of  loading  which 
obtain  in  aero-practice.  Failures  are  commonly  caused  by 
dirty  oil,  which  causes  choking  of  the  smaller  oil  ways  and  thus 
cuts  off  the  parts  fed  by  them  from  any  oil  supply.  Oil  should 
always  be  filtered  and  the  oiling  system  should  be  flushed 
periodically.  Indirectly  the  oiling  is  affected  by  excessive 
wear,  inasmuch  as  the  oil  escapes  so  readily  from  the  worn 
bearings  that  others,  less  worn,  do  not  get  an  adequate  supply. 

Ignition  systems  cause  a  certain  amount  of  trouble.  On 
most  larger  engines,  however,  the  ignition  is  usually  duplicated 
and  complete  failure  therefore  seldom  occurs.  The  general 
problem  of  ignition  is  dealt  with  in  the  chapter  on  that  subject. 


96  THE  COMPLETE  AIRMAN 

Dirt,  moisture,  and  oil  are  the  most  frequent  causes  of  trouble. 
Ignition  troubles  due  to  oiling  are  most  prevalent  in  the  case 
of  rotary  engines  because  of  the  large  amount  of  oil  consumed. 
If  the  plugs  are  cleaned  periodically  and  tested,  and  the  dis- 
tributors and  contact  breakers  are  kept  clean,  little  trouble 
is  experienced.  The  effects  of  damp  are  usually  only  met  with 
after  an  engine  has  been  laid  up  for  some  time. 

A  third  common  form  of  trouble  is  carburation,  which, 
again,  is  nearly  always  caused  by  dirt,  or  water.  This,  however, 
should  seldom  be  met  with  if  all  petrol  is  passed  through  chamois 
leather  before  being  put  into  the  tanks. 

Mechanical  breakages,  unless  they  be  the  result  of  oiling 
troubles,  usually  occur  amongst  the  minor  parts  of  the  engine, 
such  as  valves  and  their  details.  They  may  be  the  result  of 
faulty  material  or  design,  and  can  only  be  guarded  against  by 
constant  inspection. 

Reliability  and  simplicity  are  very  nearly  related.  Every 
additional  part  of  an  engine  provides  a  possible  source  of  break- 
down. Furthermore,  the  more  complicated  an  engine  is,  the  more 
difficult  it  is  to  clean  and  to  examine.  It  is  during  the  routine 
cleaning  and  examination  that  the  distortion  of  parts,  the  wear, 
the  loose  nuts,  and  other  common  causes  of  failure  are  discovered. 
Some  engines  are  so  complicated  that  the  exposure  of  parts  which 
should  be  subject  to  frequent  examination  is  a  matter  of  con- 
siderable difficulty.  Consequently  they  rarely  receive  the  atten- 
tion they  should.  The  moving  parts,  such  as  valve  operating 
gear,  etc.,  should,  where  possible,  be  enclosed  in  oil-tight  casings, 
allowing  for  their  adequate  lubrication  and  at  the  same  time 
giving  the  engine  a  clean  external  appearance.  They  should, 
however,  be  readily  accessible. 

Accessibility  is  always  a  very  difficult  problem  to  the  designer 
as  he  has  so  many  things  to  fit  into  the  space  available.  The 
following  parts  in  the  order  named  should  always  be  easy  to  get 
at :  sparking  plugs,  carburettor  jets  and  filters,  magneto  contact 
breakers  and  distributors,  oil  filters,  valve  tappet  adjustment, 
switch  wiring,  and  control  levers. 

In  the  foregoing  discussion  the  question  of  cleanliness  has 
perhaps  been  somewhat  laboured,  but  it  is  of  extreme  importance. 
There  is,  however,  another  matter  which  exerts  almost  as  great 
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an  influence  on  reliability,  and  that  is  the  pilot's  attitude  towards 
his  engine.  The  pilot  who  feels  for  his  engine,  runs  it  up  care- 
fully, never  overloads  it  unnecessarily,  and,  when  it  is  not  working 
its  best,  nurses  it,  is  very  seldom  faced  with  serious  engine  trouble. 

Smooth  running  is  essential.  All  vibration  and  roughness 
mean  excessive  wear  somewhere  and  consequently  affect  re- 
liability adversely. 

Compactness  of  design  is  a  sine  qua  non.  The  space  available 
for  the  engine  is  very  limited.  Low  cross  sectional  area  in  the 
direction  of  flight  is  important,  especially  in  the  case  of  machines 
where  the  engine  is  not  built  into  the  fuselage. 

Many  of  the  early  types  of  engine  were  prone  to  catch  fire. 
The  chief  cause  of  fire  in  engines  is  back-firing  in  the  carburettor. 
A  broken  valve,  or  too  weak  a  mixture  (which  commonly  results 
from  water  or  dirt  in  the  jets),  may  cause  a  back-fire.  This  may 
ignite  the  petrol  in  the  mixture  chamber.  For  this  reason  the 
carburettor  intakes  should  be  carried  clear  of  anything  inflam- 
mable. Petrol  pipes  liable  to  breakage  should  also  be  kept  as 
clear  of  the  carburettor  intakes  or  exhaust  outlets  as  is  possible. 
Carburettor  fires  are  usually  quickly  extinguished  by  being  sucked 
through  the  engine.  In  event  of  an  engine  fire  the  last  thing  the 
pilot  should  do  is  switch  off.  The  correct  procedure  is  to  turn 
off  the  petrol  and  open  the  throttle,  thus  sucking  the  carburettors 
dry  and  also  preventing  the  fire  from  being  supplied  with  petrol 
if  one  of  the  pipes  has  cracked  or  burned. 

Oil  and  petrol  economy,  apart  from  weight  considerations, 
are  of  considerable  importance  in  the  commercial  aeroplane. 
These  items  will  constitute  a  large  proportion  of  the  running 
expenses.  The  vertical  engine  with  large  cylinders  is  at  present 
the  most  economical.  Fuel  economy  depends  on  the  compression 
ratio,  a  high  compression  being  most  economical.  With  the 
present  system  of  induction  the  power  of  the  engine  falls  off  very 
greatly  when  the  machine  is  flying  at  considerable  altitude. 
Systems  of  forced  induction  promise  considerable  improvement 
both  in  power  and  economy  at  varying  heights. 

The  cost  of  aeroplane  engines  is  a  matter  of  quantity  produc- 
tion. It  need  not  be  high.  The  war  has  provided  sufficient 
data  for  standardisation.  The  aeroplane  designer  need  have 
little  difficulty  in  selecting  a  suitable  engine.  Whatever  machine 
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it  is  for,  proved  reliability  is  the  first  essential.  This  taken  for 
granted,  a  commercial  balance,  taking  into  consideration  weight 
per  horse-power,  economy  of  running,  and  overhaul,  and  prime 
cost,  will  have  to  be  struck. 

Conservatism  will  always  have  to  be  reckoned  with.  Before 
any  new  engine  is  readily  accepted  by  pilots  very  complete  proof 
of  its  reliability  will  have  to  be  forthcoming.  The  comfort  of 
having  an  engine  with  a  reputation  for  never  failing  is  inestimable. 


CHAPTER    XIII 
ENGINE  DETAILS 

THE  space  available  in  this  book  does  not  allow  of  any 
comprehensive  discussion  of  the  more  detailed  construc- 
tion of  aero-engines.  The  subject  cannot,  however, 
be  passed  over  without  some  brief  description  of  the  more  salient 
points  concerning  their  design.  What  follows  must  necessarily 
take  the  form  of  a  series  of  somewhat  disjointed  remarks.  These 
will  offer  no  information  that  is  not  the  common  knowledge  of 
every  engine  expert,  and  are  designed  solely  to  help  those  with 
little  knowledge  and  experience  to  acquire  a  useful  smattering 
of  the  essential  features  of  engine  construction  and  to  point  the 
way  to  a  more  detailed  study  of  these  matters. 

The  designer  of  the  motor-car  engine  is  chiefly  concerned 
with  the  production  of  a  device  which  shall  be  "  foolproof  " 
and  shall  require  as  little  attention  as  possible.  He  is  not 
hampered  to  any  appreciable  extent  by  considerations  of  weight. 
The  designer  of  the  aero-engine  on  the  other  hand  has  to  exert 
every  effort  to  obtain  the  maximum  horse-power  for  the  minimum 
weight.  The  result  is  a  more  delicate  mechanism  requiring  more 
skilful  handling  and  also  continuous  skilled  attention  to  keep 
it  tuned  up  to  its  highest  output.  The  parts  of  an  aero-engine 
are  so  designed  as  to  resist  the  loads  to  which  they  are  subject 
when  working,  and  it  is  seldom  practicable  to  give  them  a  sufficient 
margin  of  strength  to  cover  possible  abuses  by  unskilled  workmen. 
Examples  illustrating  this  point  are  the  tightening  up  of  the 
cylinder  holding  down  bolts  or  the  fitting  of  a  gudgeon  pin.  In 
the  one  case  uneven  tightening  would  distort  the  cylinder ;  in 
the  other  the  driving  in  of  a  pin  too  tightly  would  distort  the 
piston.  Either  form  of  bad  workmanship  would  probably 
ultimately  result  in  a  seizure. 
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The  lubrication  of  practically  all  stationary  engines  is  on  the 
"dry  sump"  system.  That  is  to  say,  the  oil  drains  to  a  sump 
beneath  the  crankshaft,  which  sump  is  continually  pumped  dry 
by  a  special  "  scavenging "  pump.  To  ensure  the  complete 
clearing  of  the  sump  this  pump  is  usually  made  of  greater  capacity 
than  the  one  which  feeds  the  bearings,  etc.  The  dry  sump 
system  is  necessary  in  the  case  of  an  aero-engine,  as  the  working 
of  the  engine  has  to  be  as  independent  of  position  as  possible. 
The  presence  of  considerable  quantities  of  oil  in  the  sump  of  an 
engine  called  upon  to  fly  upside  down  for  a  few  moments  might 
lead  to  serious  results. 

The  most  usual  type  of  oil  pump  used  is  the  gear  pump.  The 
principle  on  which  this  works  is  indicated  in  Fig.  73.  The 
pump  is  usually  driven  from  the  half-time  gear  by  means  of  a 
suitable  extension  shaft.  As  the  gears  rotate  the  oil,  entering 
as  indicated  by  the  arrow,  is  carried  round 
between  the  gear  teeth  and  the  casing  and 
is  discharged  as  shown.  It  will  be  noted  that 
the  satisfactory  working  of  this  type  of  pump 
depends  entirely  on  the  good  fit  between  the 
gears  and  the  casing  both  at  the  tips  of  the  teeth 
and  on  the  side  faces  of  the  wheels.  A  pump 
of  this  nature  is  quite  satisfactory  for  a  viscous  fluid  like  oil,  but 
on  account  of  leakage  it  would  not  deal  satisfactorily  with  a 
lighter  liquid.  A  gear  pump  cannot  pump  air.  If  it  runs  dry 
it  must  be  "  primed  "  or  flooded  with  oil  before  it  will  begin 
pumping.  For  this  reason  the  oil  pump  is  always  placed  at  the 
lowest  possible  level,  thus  ensuring  that  it  shall  always  be  full 
of  oil.  Two  pumps  are  usually  provided — the  scavenging  pump, 
which  draws  the  oil  away  from  the  sump  (whence  it  drains  after 
having  done  its  work)  and  delivers  it  back  to  the  supply  tank, 
and  the  pressure  pump,  which  draws  cool  oil  from  the  tank  and 
delivers  it  under  pressure  to  the  bearings.  It  will  be  noted  that 
in  this  way  the  oil  is  used  over  and  over  again,  only  such  oil  as 
works  its  way  up  into  the  combustion  space  of  the  cylinders  being 
actually  consumed.  To  increase  its  capacity  the  scavenging 
pump  is  usually  made  with  somewhat  wider  teeth  than  the 
pressure  pump. 

In  order  to  regulate  the  oil  consumption  it  is  necessary  to 
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control  the  pressure  at  which  it  is  supplied  to  the  bearings. 
Were  the  pressure  not  regulated,  both  the  pressure  and  the 
quantity  of  oil  delivered  would  depend  entirely  on  the  tempera- 
ture, the  viscosity  of  the  oil,  and  the  clearances  or  wear  allowing 
leakage  in  the  pump.  A  relief  valve  is  provided  on  the  pressure 
side  of  the  pump,  and  the  pump  is  made  of  such  capacity  that 
it  can,  under  all  conditions,  supply  an  excess  of  oil.  Fig.  74 
shows  a  typical  relief  valve.  By  means  of  a  cap  A,  which  is 
locked  by  the  nut  B,  the  pressure  of  the  spring  C  on  the  valve 
D  is  so  regulated  that  the  valve  lifts  at  the  desired  pressure. 
Any  excess  supply  of  oil  is  then  bi-passed  back  to  the  supply 
tank  through  the  branch  E. 

The  manner  in  which  the  various  parts  are  generally  lubri- 
cated in  a  stationary  engine  is  as  follows  :  the  oil  is  led  to  the 
main  crankshaft  bearings  in  which  suitable  oil- ways  are  cut. 
The  crankshaft  itself  is  hollow  and  is  drilled  with 
radial  holes  at  the  main  bearings.  The  oil  therefore 
enters  it  at  these  points.  At  the  crank  necks  other 
oil  holes  are  drilled  and  the  oil  within  the  shaft 
forces  its  way  out  of  these,  thus  lubricating  the  con- 
necting rod  big  ends.  The  oil  is  thrown  out  from 
the  ends  of  the  big-end  bearings  and  forms  a  mist 
in  crank-case,  which  oils  the  cylinder  walls  and  FlG  74~ 
gudgeon  pins.  In  some  engines  small-bore  steel 
tubes  are  led  up  the  webs  of  the  connecting  rods,  conveying 
oil  to  the  gudgeon  pin  bearings  in  exactly  the  same  way 
that  the  hollow  crankshaft  delivers  it  to  the  big  ends. 
The  valve  gear  is  usually  oiled  from  the  main  supply  either 
through  a  constricted  opening  which  limits  the  amount 
delivered  or  through  a  special  relief  valve  at  a  lower  pressure. 
The  cam  shaft  is  made  hollow  and  the  oil  is  led  into  it  at  one 
end.  Holes  are  drilled  at  various  points  from  which  the  oil 
escapes  and  lubricates  the  cams  and  other  gear.  Other  special 
leads  deliver  oil  to  the  gearing,  to  the  thrust  bearings,  and  to 
other  parts  requiring  lubrication. 

Rotary  engines  frequently  employ  a  reciprocating  type  of 
pump.  Here  the  main  oil  lead  must  necessarily  enter  the 
engine  through  the  hollow  crankshaft,  which  serves  also  as  the 
carburettor  intake.  This  pipe  is  then  usually  divided,  one 
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part  of  the  supply  going  to  the  main  big-end  bearing  and  the 
remainder  to  the  thrust  bearing,  valve  gearing,  etc.  All  the 
oil  subsequently  reaches  the  crank-case,  where,  in  the  form  of 
a  mist,  it  lubricates  the  cylinder  walls  and  other  parts.  This 
mist  is  sucked  into  the  cylinders  with  the  gas,  which  also  passes 
through  the  crank-case,  and  is  there  either  burnt  or  discharged 
through  the  exhaust  valves.  The  use  of  castor  oil  is  essential 
in  rotary  machines,  since  it  is  not  readily  miscible  with  petrol. 

All   aero-engines   have  valves    of   the   mushroom  type,   as 
shown  in  Fig.  71.     These  are  practically  always  situated  in 
the  head  of  the  cylinder,  an  arrangement  allowing  of  a  high 
compression  ratio  and  of  the  least  constricted  form  of  entry 
and  exit  for  the  gases.     There  are  two,  three,  or  four  valves 
per  cylinder,  so  arranged  as  to  provide  the  largest 
[         -_/ — I     and  freest   area  of  ingress  and   egress   for  the 
4  T     gases.       The    valves    work     under  very  trying 

conditions,  particularly  the  exhaust  valves,  which 
may  be  practically  red  hot.  Very  special  steels 
are  necessary  to  stand  up  to  this  work,  nickel, 
chromium,  or  tungsten  alloys  being  used.  Chrom- 
ium is  somewhat  less  liable  to  burn  than  nickel. 
Tungsten  alloy  steel  retains  its  mechanical  pro- 
perties in  a  remarkable  manner  at  very  high 
temperatures  ;  valves  of  this  alloy  have,  however, 
a  tendency  to  flake.  Valves  are  ground  on  to 
their  seats  in  order  to  secure  a  gas-tight  joint.  The j  seats 
are  either  steel  or  phosphor-bronze,  the  latter  alloy  being 
used  where  they  are  fitted  into  an  aluminium  cylinder  head. 
The  reason  for  this  is  that  both  have  a  similar  coefficient  of  ex- 
pansion, and  the  repeated  heating  and  cooling  of  the  head  does 
not  cause  the  seat  to  work  loose.  The  valve  springs  which  hold 
them  on  their  seats  are  usually  either  spiral  or  volute.  Where 
spiral  springs  are  employed  two  springs  of  different  outside 
diameter  arranged  concentrically  are  commonly  used  in  order 
to  obtain  the  maximum  strength  for  a  given  bulk  of  spring. 
Volute^springs  are  spirally  wound  of  flat-section  wire,  as  shown 
in  Fig.  75.  They  have  the  advantage  of  a  long  range  of  com- 
pression relative  to  the  length  of  the  spring.  The  stem  of  the 
valve  must  be  a  fairly  free  fit  in  its  guide  as  it  may  expand 
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considerably  when  heated.  If  it  does  begin  to  bind,  it  tends 
to  distort  in  such  a  manner  as  to  aggravate  the  trouble.  The 
tension  of  the  valve  springs  in  a  rotary  engine  is  usually  very 
light,  as  | centrifugal  force  when  the  engine  is  in  motion  tends 
to  hold  the  valves  on  their  seats. 

,.'v  The  half-time  shaft  or  cam  shaft  in  stationary  engines  is 
usually  arranged  to  run  along  the  heads  of  the  cylinders,  thus 
bringing  the  cams  close  to  the  valves.  Plate  VII,  which  shows 
a  block  of  cylinders  with  the  valve  gearing  casing  removed,  is 
typical  of  modern  design.  In  this 
case  separate  half-time  cam  shafts 
operate  the  inlet  and  exhaust  valves, 
of  which  there  are^two  each  per 
cylinder.  The  section  of  these 
cylinders  is  not  dissimilar  to  the 
section  shown  in  Fig.  71.  In  some 
cases  the  cams  act  directly  upon 
the  stems  of  the  valves  ;  in  others, 
rockers  are  provided  and  pivoted  in 
such  a  manner  that  one  end  of  the 
rocker  is  actuated  by  the  cam,  and 
the  other  end  operates  the  valve 
Cam  shafts  arranged  in  this  manner 
are  usuaDy  driven  by  vertical  shafts 
and  bevel  gears  from  the  crankshaft. 
The  cam  shaft  is  usually  enclosed 
in  an  oil-tight  casing,  oil  being  con- 
tinuously supplied  through  the  hollow  shaft.  Jin  the  case  of 
rotary  and  radial  engines  the  cam  shaft  is  usually  concentric 
with  the  crankshaft  round  which  it  rotates.  It  is  then 
driven  by  epicyclic  gearing,  as  indicated  by  Fig.  76,  where 
A  is  the  crankshaft,  B  the  sleeve-shaped  cam  shaft,  C  a  valve 
tappet,  and  D  the  epicyclic  gearing  consisting  of  planet  pinions 
rotating  on  pins  E,  which  are  fixed  to  the  crank-case  of  the  engine. 
The  magnetos  in  modern  engines  are  usually  driven  by  a 
special  shaft  and  gearing  from  the  crankshaft,  the  speed  of 
rotation  being  arranged  according  to  the  number  of  sparks  to 
be  provided  per  revolution.  The  fine  adjustment  of  their 
timing  is  commonly  provided  for  by  a  vernier  plate.  The 
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principle  of  this  is  illustrated  in  Fig.  77.  A  plate  A  having, 
say,  24  holes  is  keyed  to  the  magneto  shaft,  and  another  having 
only  22  holes  to  the  engine  shaft.  The  moving  of  the  two 
coupling  bolts  by  one  hole  causes  an  adjustment  of  only  about 
3°  on  the  magneto  shaft  in  the  timing. 

The  various  bearings  are  made  either  of  white  metal  or 
phosphor-bronze,  or  are  of  either  the  ball  or  roller  type.  The 
connecting  rod  big  ends  are  practically  always  white  metal, 
and  the  small  ends  phosphor-bronze.  White  metal  provides  a 
good  bearing  where  sufficient  space  is  available  to  make  the 
latter  of  ample  proportions.  The  metal  is  usually  mounted 
in  gun-metal  shells,  which  are  fitted  to  the  rod.  When  worn 
these  may  be  adjusted  or  renewed.  Phosphor-bronze  does  not 
provide  such  a  satisfactory  bearing  as  white  metal  where  the 

surface  speed  of  the  bearing  is 
great,  but  it  can  stand  a  higher 
load  per  square  inch.  It  is  there- 
fore used  for  the  connecting 
rod  small-end  bearings.  Here 
the  loading  is  greater,  but  the 
motion  is  oscillatory  and  slower. 
Roller  bearings  are  sometimes 
used  for  the  main  crankshaft 
bearings,  although  white  metal 
is  more  usual.  The  use  of  the 
roller  bearings,  which  oan  support  a  very  high  load  per  inch 
width,  allows  of  a  shorter  and  stiffer  crankshaft  and  leaves 
more  space  available  for  the  big-end  bearings.  Ball  bearings 
are  frequently  used  for  the  less  heavily  loaded  shafts,  as,  for 
example,  the  magneto,  water  pump,  etc.,  drives.  Provided  they 
are  not  overloaded,  they  wear  almost  indefinitely  and  require 
little  lubrication.  They  also  run  very  freely.  Ball  bearings 
are  very  largely  used  in  rotary  engines.  On  account  of  the 
short  length  of  the  engine  it  is  very  difficult  to  make  white 
metal  bearings  of  sufficient  width.  As  ball  bearings  are  much 
more  easily  lubricated  than  plain,  the  problem  of  lubrication 
(complicated  by  the  presence  of  petr%ol  in  the  crank-case) 
is  also  much  simplified.  Ball  thrust  washers  are  almost  univers- 
ally employed  to  take  the  thrust  or  pull  of  the  propeller. 
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They  run  very  freely  and  will  support  heavy  loads.  Owing 
to  the  small  clearances  allowed,  ball  and  roller  bearings  are 
very  susceptible  to  the  effects  of  dirt  or  grit. 

Few  parts  of  an  aeroplane  exhibit  so  great  a  variety  of  form 
of  construction  as  the  cylinders.  The  barrel  is  practically 
always  steel.  In  the  case  of  rotaries  it  is  commonly  solid,  having 
cooling  fins  turned  from  the  solid  in  the  course  of  manufacture. 
Composite  cylinders  of  steel  and  aluminium  have,  however,  been 
made,  the  aluminium  providing  the  radiating  surface  and  the 
steel  the  internal  rubbing  surface.  In  the  case  of  stationary 
engines  the  whole  head  and. water  jackets  are  in  some  cases  an 
aluminium  casting  into  which  the  barrels  are  screwed.  This 
arrangement  might  be  expected  to  offer  great  difficulties  owing  to 
the  large  difference  in  the  coefficients  of  expansion  of  the  two 
metals.  These  difficulties  have,  however,  been  overcome,  and  the 
system  is  now  largely  adopted.  In  some  cases  the  cylinder  and 
jackets  are  made  entirely  of  steel,  the  cylinders  being  machined 
from  a  forging  and  the  jackets  pressed  from  steel  sheet.  The 
whole  is  assembled  by  welding. 

Aluminium  alloy  pistons  are  now  almost  universal.  These, 
owing  to  their  lightness,  greatly  reduce  the  inertia  loads  on  the 
bearings  and  admit  of  higher  speeds.  Owing  to  their  high  co- 
efficient of  expansion  they  must  be  given  a  large  clearance  in  the 
cylinders  when  cold.  For  this  reason  they  must  be  carefully 
run  up.  They  are  entirely  satisfactory  in  service. 

The  rapid  development  of  design  in  aero-engines  is  chiefly  due 
to  the  war,  which  has  provided  opportunity  for  test  and  experi- 
ment on  a  large  scale.  Many  of  the  innovations  introduced 
by  the  designers  of  aero-engines  are  now  being  applied  to  other 
types  of  petrol  engines.  Thus  in  a  way  they  are  repaying  the 
debt  which  the  aeroplane  owes  to  the  internal  combustion  engine. 


CHAPTER    XIV 
CARBURETTOR 


THE  carburettor  is  one  of  the  most  important  elements 
of  the  power  plant.     It  is,  as  it  were,  the  lungs  of  the 
engine,  and   as  such  is  fundamentally  essential   to  its 
efficiency.     It  is  liable  to  a  number  of  derangements,  by  no  means 
the  least  common  of  which  result  from  excessive  attention.     It 
cannot  be  too  strongly  impressed  upon  the  reader  that  the  car- 
burettor is  an  instrument  to  be  understood,  and  not  a  mechanism 
to  be  constantly  adjusted.     It  should  be  set  correctly  once  and 
for  all  by  an  expert,  after  which  none  but  the  slightest  adjustment 
should  ever  be  needed.    The  conditions  affecting  the  working  of 

the  aeroplane  carburettor  are 
more  complex  than  those 
normally  met  with  in  the 
ordinary  motor-car.  This 
arises  particularly  from  the 

*act  *kat  an  aeroplane  engine 
has  to  work  in  an  atmosphere 
of  varying  pressure,  the  pressure  at  20,000  feet,  for  example, 
being  approximately  only  half  that  at  sea-level.  The  aeroplane 
has,  however,  this  advantage  over  the  motor-car  that  the  engine 
is  not  normally  expected  to  run  at  such  varying  speeds. 

In  order  thoroughly  to  understand  the  working  of  the 
ordinary  jet  type  of  carburettor  it  is  necessary  to  consider 
air  flow  from  a  point  of  view  which  up  to  the  present  has  not 
been  touched  upon.  Suppose  air  to  be  passing  through  a  smooth 
pipe  with  a  certain  velocity  and  at  a  certain  pressure.  Con- 
sider any  small  element  of  the  air  such  as  A  (Fig.  78).  This 
element  of  the  air  has  a  certain  amount  of  energy  stored  up  in  it. 

This  energy  or  capacity  for  doing  work  is  of  two  kinds  —  pressure 
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and  kinetic.  The  pressure  energy  is  simply  the  amount  of  work 
(either  positive  or  negative)  that  it  could  do  during  expansion 
to  the  pressure  of  the  atmosphere.  Its  kinetic  energy,  which  is 
analogous  to  the  energy  stored  in  a  stone  flying  through  the  air, 
is  simply  dependent  on  its  mass  and  the  speed  at  which  it  is 
travelling.  If  the  tube  is  assumed  to  be  frictionless  no  work 
is  done  on  the  air  in  the  course  of  its  passage,  and  any  element 
will  therefore  emerge  from  any  section  with  exactly  the  same 
energy  as  it  had  stored  in  it  when  it  entered.  Now  suppose  that 
the  element  enters  a  narrow  portion  of  the  tube,  what  happens  ? 
In  the  first  place,  it  must  travel  faster.  This  increases  its  kinetic 
energy.  As  no  work  is  done  on  it,  it  cannot  increase  its  total 
energy.  In  order,  then,  to  increase  its  kinetic  energy  it  must 
sacrifice  some  of  its  pressure  energy.  Consequently,  referring  to 
Fig.  78,  the  pressure  at  the  point  Y  is  less  than  that  at  X.  This  is 
the  fundamental  principle  upon  which  the  jet  carburettor  (the 
type  now  practically  universal)  operates. 

A  pipe  XY  is  provided,  communicating  at  X  with  the  atmo- 
sphere and  constricted  at  Y.  Through  this  pipe  the  cylinders 
suck  in  their  supply  of  air.  At  the  constriction  there  is  a  nozzle 
or  jet  P.  Petrol  at  atmospheric  pressure  is  supplied  to  this  jet 
and  maintained  level  with  its  orifice.  Owing  to  the  constriction 
the  pressure  in  the  region  of  the  jet  falls  very  much  below  that  of 
the  atmosphere,  and  the  petrol,  being  under  atmospheric  pressure, 
is  forced  out  in  the  form  of  a  spray.  Petrol  is  a  light,  easily 
vaporised  fluid,  and  a  gaseous  mixture  of  petrol  vapour  and  air  is 
formed.  Liquids  always  vaporise  more  readily  at  low  pressures. 
The  reduced  pressure  therefore  further  aids  the  complete  vapor- 
isation. The  effect  of  temperature  on  the  vaporisation  of  a  liquid 
may  also  be  noted  in  this  connection.  A  liquid  vaporises  more 
readily  as  the  temperature  rises.  For  this  reason  aero-carburet- 
tors are  commonly  fitted  with  a  hot-water  jacket.  By  suitable 
arrangement  of  the  size  of  the  jet  P  the  strength  of  the  resulting 
petrol- vapour  and  air  mixture  can  be  adjusted  so  as  to  bring 
it  within  the  explosive  range.  The  constricted  portion  of  the 
passage  is  termed  the  "  Choke." 

There  is  another  part  essential  to  the  complete  carburettor, 
namely,  a  device  for  maintaining  the  petrol  at  constant  level  in 
the  j  et,  and  also  under  atmospheric  pressure.  This  is  known  as  the 
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Float  Chamber,  and  is  commonly  of  the  form  shown  diagram- 
matically  in  Fig.  79.  The  chamber  A  contains  a  needle  valve  N 
working  on  a  seat  V.  The  petrol  is  supplied  via  the  pipe  P.  The 
petrol  is  at  atmospheric  pressure  by  reason  of  the  orifice  O  in  the 
chamber  cover.  The  level  is  controlled  in  the  following  manner. 

Surrounding  the  needle  is  an  annular 
float  F,  which  is  usually  made  of  very 
thin  brass  sheet.  On  the  top  of  this  float 
rest  the  weights  of  two  small  levers  L, 
which  are  attached  to  the  chamber  cover 
by  their  pivots  X.  The  inner  ends  of 
these  levers  engage  a  collar  C  on  the 
needle  valve.  As  the  petrol  enters  it 
raises  the  float  together  with  the  weight 
of  the  levers.  When  it  rises  to  a  certain 
point  the  inner  ends  of  the  levers  depress 
the  needle  valve  on  to  its  seat,  thus 


FIG.  79. 


cutting  off  further  supply.  There  is  a  passage  G  communicating 
with  the  jet,  the  top  of  which  is  just  slightly  above  the  level 
at  which  the  mechanism  maintains  the  petrol. 

The  carburettor  complete  in  its  simplest  form  is  then  as  shown 
in  Fig.  80.  A  throttle  valve  V  is  added  in  order  to  regulate 
the  amount  of  gas  passing  to  the  engine.  A  carburettor  of  this 
simple  type  is  used  on  motor-cycles  and 
other  small  engines.  It  has  the  advantage 
of  simplicity,  but  has  also  several  inherent 
disadvantages.  In  the  first  place,  the  mix- 
ture is  not  constant,  that  is  to  say,  the  ratio 
of  petrol  to  air  varies  with  the  engine  speed. 
When  discussing  the  principles  of  gas  flow  it 
was  noted  that  the  energy  of  the  moving  gas 
depended  on  its  pressure  and  velocity  These 
two  do  not  vary  according  to  the  same  law, 
the  result  being  that  as  the  speed  increases  the  proportion  of 
petrol  to  the  air  sucked  in  becomes  greater.  In  this  simplest 
form  of  carburettor  an  extra  air  valve  is  usually  embodied. 
This  admits  air  at  a  point  nearer  to  the  engine  than  the  jet. 
As  the  engine  speed  increases  this  valve  needs  to  be  opened 
gradually  in  such  a  manner  that  the  mixture  is  suitably  diluted. 
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This  arrangement  has  several  disadvantages,  foremost  amongst 
which  is  the  necessity  for  the  continual  adjusting  of  the  carburettor 
as  the  engine  speed  varies.  The  accuracy  of  this  adjustment 
depends  entirely  on  the  skill  of  the  adjuster.  A  bad  mixture  not 
only  decreases  the  power  output,  but  may  also  cause  mechanical 
damage  to  the  engine. 

Many  schemes  have  been  devised  with  a  view  to  compensating 
this  mixture  change  automatically.  A  very  simple  and  effective 
means  is  that  adopted  in  the  Zenith  Carburettor.  It  has  already 
been  explained  that  the  fault  lies  in  the  fact  that  the  increase  in 
the  rate  of  petrol  supply  through  the  jet  is  more  rapid  than  the 
increase  in  the  amount  of  air  sucked  through  the  carburettor. 
This  may  be  compensated  by  reducing  the  size  of  the  main  jet, 
and  adding  a  second  jet,  the  discharge  of  which  is  controlled  in 
such  a  manner  that,  as  the 
gas  velocity  increases,  the 
amount  of  petrol  drawn  in 
does  not  vary.  The  arrange- 
ment adopted  is  shown  in 
Fig.  81.  The  compensating 
jet  J,  which  is  of  compara- 
tively large  area,  is  connected 
to  the  float  chamber  by  a 
pipe  P,  in  which  is  situated 
a  secondary  jet  O  controlling 

the  petrol  flow.  It  will  be  noted  that  the  effect  of  the  air  intake 
A,  which  is  situated  between  O  and  the  jet,  is  to  prevent  the 
suction  at  the  choke  acting  on  the  orifice  O.  The  result  is  that  the 
quantity  of  petrol  supplied  through  the  jet  J  is  unaffected  by  the 
engine  speed.  The  sum  of  the  discharges  of  the  two  jets  does 
not  therefore  increase  with  engine  speed  as  rapidly  as  would 
the  discharge  of  one  single  larger  jet  arranged  as  in  Fig.  80, 
and  of  such  a  size  as  to  give  the  same  discharge  as  the  two 
at  low  speed.  The  air  sucked  in  through  A,  the  amount  of 
which  increases  with  engine  speed,  has  also  an  automatic 
diluting  effect.  It  will  be  noted  that  the  two  jets  are  arranged 
concentrically. 

The  Claudel-Hobson   carburettor,  which   is  much  used  on 
aero-engines,  has  a  somewhat  different  jet  system  designed  to 
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achieve  the  same  result.  It  is  shown  enlarged  in  Fig.  82  It 
consists  of  three  concentric  tubes,  A,  B,  and  C,  as  indicated.  The 
inner  tube  A  is  perforated  with  small  holes  F.  The  second  one 
B  stands  rather  higher  than  the  normal  petrol  level,  and  the 
space  between  the  inner  and  the  outer  tubes  communicates  with 
the  atmosphere  via  the  ports  D.  Consider  what  happens  as 
the  engine  speed  increases.  The  resulting  increase  of  gas  velocity 
decreases  the  pressure  in  the  choke,  and  the  suction  causes  the 

column  of  petrol  in  the  perforated  tube 
A  to  rise.  As  the  main  jet  J  (situated 
at  the  base  of  A)  limits  the  rate  of 
flow,  the  rise  takes  place  partly  at  the 
expense  of  the  petrol  between  the  tubes 
A  and  B.  The  level  in  B  falls,  uncover- 
ing some  of  the  holes  in  the  tube  A,  and 
allowing  air  to  be  drawn  in  through  the 
outer  tube  C  and  the  ports  D.  This  air 
dilutes  the  mixture  supplied  to  the 
engine.  It  is  evident  that  as  the  gas 
velocity  (and  consequently  the  suction) 
increases,  the  more  holes  will  be  exposed 
and  the  larger  will  be  the  quantity  of 
this  diluting  air  sucked  in.  By  suitably 
grading  the  size  and  position  of  the 
holes  in  the  tube  A  a  correct  mixture 
can  be  obtained  at  all  speeds.  It  will 
be  noted  that  this  air  serves  a  further 
purpose.  It  is  sucked  through  the 
petrol.  Thus  at  the  holes  E,  where 
the  petrol  joins  the  main  air  supply 
passing  through  the  choke,  it  is  delivered  in  the  form  of 
an  emulsion  of  petrol  and  air,  which  considerably  aids  its  gasi- 
fication. The  small  central  tube  shown  is  the  pilot  jet,  and  is 
referred  to  later. 

There  is  still  another  grave  disadvantage  to  which  the  car- 
burettor as  so  far  developed  is  subject,  and  which  it  is  necessary 
to  compensate  in  all  carburettors  designed  for  use  on  large 
engines.  Before  the  engine  will  start  the  cylinders  must  receive 
a  supply  of  explosive  gas.  This  must  be  sucked  in  through  the 
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carburettor.  This  sucking  in  has  commonly  to  be  done  by  hand, 
and,  owing  to  the  largeness  of  the  engine,  this  can  only  be  done 
very  slowly.  At  the  speed  at  which  the  engine  can  be  turned 
by  hand  the  suction  in  the  choke,  and  consequently  the  amount 
of  petrol  drawn  in,  are  inappreciable.  The  same  argument 
applies  when  the  engine  is  running  slowly  or  "  ticking  over." 
With  a  carburettor  large  enough  to  supply  gas  for  full  power  the 
choke  is  necessarily  so  large  as  to  render  slow  running  and  starting 
practically  impossible. 

A  simple  way  to  deal  with  the  situation  is  to  provide  an 
additional  small  carburettor,  with  a  very  small  choke  and  a 
correspondingly  small  jet,  to  be  used  only  for  starting  and  slow 
running.  This  is  in  effect  what  is  actually  done.  The  small 
carburettor  is,  however,  built  as  part  of  the  larger  one.  This 
small  jet  is  called  a  "  pilot  "jet.  In 
considering  the  action  of  the  pilot  jet  it 
is  very  necessary  also  to  consider  the 
position  and  effect  of  the  throttle  valve, 
which  is  built  integral  with  the  carburettor 
and  is  situated  between  the  choke  cham- 
ber and  the  engine.  When  the  engine  is 
running  very  slowly  the  throttle  is  almost 
closed.  There  may  therefore  be  consider-  FJG  g'' 

able  suction  on  the  engine  side  of  the 
throttle,  although  there  is  practically  none  at  the  main  choke. 
This  fact  is  made  use  of  in  arranging  the  pilot  jet.  The  two 
types  of  carburettor  already  considered  may  be  referred  to  again 
in  this  connection. 

Consider  first  the  Zenith.  This  has  what  is  known  as  a 
"  butterfly "  throttle  valve,  which  consists  of  a  slightly  oval 
plate  rotated  about  an  axis  situated  diametrically  in  the  circular 
passage  in  which  it  works.  In  Fig.  83  it  is  shown  very  slightly 
open,  i.e.  the  "  ticking  over  "  or  "  sucking  in  "  position.  It  is 
evident  that  when  the  machine  is  running  very  slowly  or  even 
being  sucked  in  by  hand,  the  gas  velocity  at  the  constriction  A 
will  be  considerable.  At  A  there  is  therefore  a  very  low  pressure. 
Into  the  wall  of  the  carburettor  at  the  point  A  is  introduced  a 
small  pipe  B  in  which  is  situated  the  pilot  jet  C  open  to  the 
atmosphere  at  D.  This  pipe  in  itself  constitutes  a  small  single 
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jet  carburettor.  It  will  be  noted  that  its  operation  is  controlled 
by  the  main  throttle  valve  in  that  when  this  is  almost  shut  the 
pilot  jet  supplies  practically  all  the  petrol  that  gets  to  the  engine, 
whereas  as  the  throttle  opens  the  effect  of  the  pilot  jet  becomes 
insignificant. 

The  arrangement  of  the  pilot  jet  in  the  Claudel-Hobson 
carburettor  is  as  follows.  The  throttle  valve  is  of  what  is  called 
the  rotary  or  barrel  type  and  consists  of  a  barrel  which  rotates 
in  the  outlet  portion  of  the  carburettor.  The  diameter  of  the 
barrel  is  greater  than  the  diameter  of  the  outlet,  and  through 
it  is  bored  a  hole  of  diameter  equal  to  the  outlet.  The  arrange- 
ment is  illustrated  in  Fig.  84  ^(1)  which  shows  a  sectional 


view  of  the  throttle  half-way  open.  It  is  evident  that  rotation 
of  the  barrel  opens  and  closes  the  passage.  The  arrangement 
of  thejpilot  jet  is  as  follows  :  Fig.  84  (II)  shows  the  rotary 
throttle  valve  removed.  It  is  shown  as  it  appears  from  the 
choke  side  and  in  the  shut  position.  The  dotted  line  indicates 
the  position  of  the  opening  in  the  carburettor  body  communicating 
with  the  choke.  As  the  throttle  lever  L  is  rotated  through 
90°,  the  passage  A  A  will  register  with  this  position  and 
give  a  full  bore  opening.  In  the  shut  position  there  is,  however, 
a  slot  S  cut  in  the  barrel  through  which  the  pilot  jet  projects. 
Fig.  84  (III)  shows  a  sectional  view  of  the  arrangement,  the 
throttle  being  in  the  shut  position.  The  pilot  jet  J  (built  as  part 
of  the  main  jet  system)  consists  of  a  tube  which  projects  through 
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the  slot.  This  tube  has  a  small  constriction  at  O  which  controls 
the  petrol  flow.  The  jet,  projecting  as  it  does  through  the  body  of 
the  valve,  is,  in  the  shut  or  nearly  shut  position  of  the  throttle, 
subject  to  considerable  suction.  The  pilot  jet  will  be  noted  at 
P  in  Fig.  82.  Following  the  Claudel-Hobson  practice,  above 
the  orifice  or  jet  proper  are  situated  small  holes  H.  Through 
these  air  is  sucked  in,  forming  an  emulsion  with  the  petrol  which 
issues  from  the  jet.  A  further  refinement  is  provided  by  the 
screw  A  which  projects  into  the  open  portion  of  the  slot  S.  The 
adjustment  of  this  screw  controls  the  quantity  of  air  sucked 
through  the  slot  itself,  and  thus  provides  a  means  of  regulating 
the  mixture  supplied  to  the  engine  when  the  throttle  is  in  the 
slow  running  position.  It  is  evident  here  again  that  as  the 
throttle  opens  the  suction  on  the  pilot  jet  is  reduced,  and  that  at 
considerable  openings,  the  jet  being  a  very  small  one,  its  effect 
on  the  mixture  is  practically  negligible. 

Rotary  engines  necessarily  suck  in  their  supply  of  gas  through 
the  hollow  crankshaft.  This  delivers  it  to  the  crank-case, 
whence  the  induction  pipes  conduct  it  to  the  inlet  valves.  The 
system  of  carburation  usually  adopted  is  very  simple.  The 
carburettor  is  always  constructed  on  the  variable  jet  system, 
the  petrol  is  supplied  by  a  pump  at  a  predetermined  pressure. 
The  petrol  control  lever  in  the  pilot's  cockpit  operates  a  finely 
tapered  needle  valve  which  adjusts  the  jet  orifice  and  thus  the 
amount  of  petrol  sucked  in.  A  throttle  valve  which  controls 
the  amount  of  air  drawn  through  the  crankshaft  is  also  fitted. 
In  the  case  of  one  well-known  engine  the  carburettor  consists 
solely  of  a  jet  fitted  within  the  crankpin,  the  flow  of  petrol  to  which 
is  finely  adjustable.  In  this  particular  case  it  will  be  noted  that 
the  engine  must  always  run  at  what  may  be  termed  full  throttle. 
In  the  case  of  rotary  engines  the  control  is  almost  entirely  by 
the  petrol  fine  adjustment  lever.  The  throttle  lever  is  seldom 
altered.  The  fine  adjustment  is  so  manipulated  as  to  provide  a 
suitable  mixture.  As  the  machine  climbs  it  must  be  gradually 
closed,  as  it  descends  it  must  be  opened.  The  control  calls  for 
rather  more  skill  than  is  necessary  in  the  case  of  stationary 
engines.  The  fine  jet  adjustment  must  be  done  with  great  nicety. 
Maladjustment  of  the  mixture  not  only  causes  very  bad  running, 
but  may  also  do  damage  to  the  engine  or  cause  it  to  catch  fire. 
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The  principles  of  action  of  the  various  components  of  two 
typical  and  largely  used  aero-carburettors  have  been  described. 


FIG.  85.— CARBURETTOR  OF  NAPIER  LION.    (Claudel-Hobson.) 

Fig.  85  and  Plate  VIII  show  complete  cross  sections  of  these 
carburettors.    These   illustrations  are  indexed  with  the  names 
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of  the  various  parts  according  to  the  appended  list.  The  reader 
is  advised  to  study  [these  carefully,  following  for  himself  the 
arrangement  and  action  of  the  different  components.  This  will 
teach  him  more  than  any  lengthy  and  necessarily  redundant 
description  of  them. 

A  Hot  Water  Jacket.  G  Main  Jet. 

a  Pilot  Jet.  I  Compensating  Jet  Orifice. 

b  Air  Inlet  to  Pilot  Jet.          K  Altitude  Control  (see  Chapter  XXIX). 

D  Gauze  Filter.  O  Air  Inlet  to  Compensating  Jet  and  Pilot 

E  Main  Air  Intake.  Jet. 

F  Petrol  and  Air  Passage       P  Throttle  Valve, 
to  Compensating  Jet. 

The  question  of  carburettor  troubles  may  here  be  very 
briefly  dealt  with.  They  arise  chiefly  from  three  causes : 
first,  and  by  far  the  most  important,  dirt — dirty  petrol  causes 
three-quarters  of  the  troubles  met  with  in  practice ;  secondly, 
wrong  adjustments,  usually  the  result  of  excessive  "  tinkering  "  ; 
thirdly,  mechanical  breakdown  or  wear. 

The  usual  troubles  due  to  dirt  are  choked  jets.  The  jets 
are  of  very  small  diameter  and  are  very  easily  clogged.  Dirt 
is  also  liable  to  choke  the  various  passages  in  the  body  of  the 
carburettor.  Any  grit  getting  on  to  the  needle  valve  seating 
will  lead  to  flooding  and  bad  running  as  the  valve  is  prevented 
from  closing  properly.  If  the  fine-mesh  gauze  filters  in  the 
petrol  system  or  carburettor  get  choked  "  starving  "  (i.e.  in- 
sufficient supply)  results.  Together  with  dirt  must  be  considered 
water.  Water  does  not  readily  pass  through  such  small  orifices 
as  petrol,  and  this  again  results  in  the  choking  of  jets  and  filters. 

As  to  the  second  possible  cause  of  trouble,  maladjustment, 
this  should  not  often  be  experienced  once  a  carburettor  is  properly 
set.  The  necessary  adjustments  consist  of,  first,  obtaining  the 
correct  sizes  for  the  jets  and,  secondly,  the  correct  level  for  the 
petrol.  The  correct  sizes  for  the  jets  can  only  be  obtained  by 
experiment,  and  once  obtained  this  seldom  if  ever  requires 
alteration.  The  petrol  level  is  usually  adjusted  by  altering  the 
height  of  the  collar  on  the  needle  valve  which  is  actuated  by  the 
float  chamber  weights.  It  should  very  seldom  require  attention. 
The  level  is  adjusted  so  that  it  is  just  below  the  jet  orifices. 
A  point  sometimes  overlooked  in  the  case  of  large  engines  having 
various  carburettors  is  the  question  of  synchronisation.  The 
several  carburettors  and  their  controls  must  be  very  carefully 
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synchronised.  Trouble  due  to  bad  synchronisation  is  often 
somewhat  difficult  to  diagnose  as  the  action  of  one  carburettor 
masks  that  of  the  others. 

Under  the  heading  of  wear  and  mechanical  breakdown,  the 
following  are  the  most  usual  troubles.  The  float  may  become 
punctured.  This  allows  petrol  to  get  into  it  and  the  consequent 
increase  in  its  weight  resulting  in  a  raised  petrol  level  and 
flooding.  Occasionally  owing  to  careless  reassembling  after 
cleaning  the  jets  or  float  chamber,  covers,  screwed  plugs,  etc., 
may  be  left  loose.  The  needle  valve  seat  is  subject  to  wear, 
which  may  result  in  its  not  closing  properly.  The  float  balance 
weight  pivots  in  some  carburettors  become  worn.  Worn  or 
dirty  throttle  valves  sometimes  lead  to  the  sticking  of  these 
parts. 

Finally,  in  connection  with  carburettors  a  word  may  be  said 
on  the  subject  of  induction  air  leaks.  These  are  often  a  source 
of  considerable  trouble,  particularly  in  starting  and  when  running 
slowly.  Any  leaks  between  the  carburettor  and  engine  admit  air, 
which  dilutes  the  mixture.  As  when  running  slowly  with  the 
throttle  almost  closed  the  suction  in  these  parts  is  particularly 
high  and  the  amount  of  gas  supplied  by  the  carburettor  com- 
paratively small,  it  is  just  at  this  time  that  their  effect  is  most 
felt.  If  the  carburettor  is  to  behave  satisfactorily  at  all  speeds 
too  much  attention  cannot  be  paid  to  securing  an  induction 
system  as  airtight  as  possible 
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CHAPTER  XV 
IGNITION 

WHEN  an  electric  circuit  is  moved  in  such  a  manner 
as  to  cut  the  lines  of  force  of  a  magnetic  field,  a  current 
is  generated  in  it.     If  two  magnets  are  arranged  as 
indicated  in  Fig.  86,  and  the  wire  AB,  which  is  part  of  the  circuit 
ABC,  is  moved  through  the  magnetic  field  between  their  poles, 
the  meter  C  will,  during  the  movement,  indicate  that  a  current 
is  flowing. 

The  units  in  which  an  electric  current  is  measured  are 
amperes  (shortened  into  amps)  and  volts.  Amps  measure  the 
amount  and  volts  measure  the  pressure  of  electricity.  The 
voltage  necessary  to  force 
a  certain  number  of  amps 
round  a  circuit  is  pro- 
portional to  the  resistance 
of  the  circuit.  Later 
experiments  on  this 
method  of  producing  an 
electric  current  proved 
that  the  voltage  pro-  FlG' 86< 

duced  in  the  electric  circuit  was  proportional  to  the  rate 
of  cutting  the  magnetic  lines  of  force.  This  is  the  funda- 
mental law  on  which  the  design  of  all  types  of  ignition 
apparatus  is  based.  Suppose  that  the  single  part  of  the 
circuit  AB  were  doubled,  as  indicated  by  the  dotted  line. 
Then  in  similar  motion  the  electric  circuit  would  cut  twice 
as  many  lines  of  force  and  the  voltage  would  be  doubled. 
If  the  rate  of  movement  of  this  new  circuit  were  doubled, 
then  the  voltage  induced  would  be  multiplied  by  two 
again.  So  far  as  the  electric  circuit  is  concerned,  then, 

"7 


n8  THE  COMPLETE  AIRMAN 

induced  voltage  can  be  increased  indefinitely  by  increasing  the 
number  of  coils. 

Some  attention  must  now  be  paid  to  the  magnetic  side  of 
the  question.  A  magnetic  field  may  be  produced  by  a  per- 
manent magnet  or  by  means  of  an  electro-magnet.  An  electro- 
magnet is  an  iron  or  steel  bar  excited  by  a  current  flowing  in 
a  coil  which  encircles  it.  The  strength  of  a  magnetic  field  is 
measured  by  the  number  of  magnetic  lines  of  force  in  a  given 
cross-sectional  area,  and  depends  on  the  magnetic  resistance  of 
the  circuit.  Soft  steel  and  iron  have  a  small  magnetic  resistance  ; 
all  other  materials,  including  all  non-ferrous  metals,  air,  etc., 
have  a  very  high  magnetic  resistance.  Referring,  then,  to  the 
system  shown  in  Fig.  86,  the  magnets  of  which  may  be  either 

permanent  or  electrically  excited, 
there,  is  a  considerable  resistance 
offered  by  the  air  gap  between 
the  pole  pieces  of  the  magnets. 
Suppose  the  poles  are  brought 
nearer  together.  This  will  reduce 
the  magnetic  resistance ;  there 
will  therefore  be  a  more  intense 
magnetic  field  produced,  and  the 
voltage  induced  in  the  circuit 
ABC  will  be  correspondingly  increased  for  similar  movements. 

Suppose  now  that  the  magnets  in  Fig.  86  be  electrically 
excited  and  that  the  currents  flowing  in  their  coils  be  switched 
off  or  even  reversed,  what  happens  ?  The  magnetic  field  in 
which  the  electric  circuit  ABC  is  situated  disappears  or  is 
reversed,  as  the  case  may  be.  In  the  course  of  this  operation 
the  electric  circuit,  without  any  actual  movement  on  its  own 
part,  cuts,  or  rather  is  cut  by,  all  the  lines  of  force  once  in  the 
first  case  or  in  the  second  case  twice.  Moreover,  as  this  change, 
being  due  to  the  springing  out  of  the  lines  of  the  magnetic  field 
when  the  current  is  switched  on,  takes  place  very  suddenly,  the 
rate  of  cutting  of  the  lines  is  high  and  the  voltage  induced  also 
high. 

Suppose  a  very  low  resistance  magnetic  circuit  be  provided. 
An  iron  ring  offers  the  lowest  possible  (Fig.  87).  Let  a  coil 
of  a  few  turns  be  put  round  the  iron  ring  to  excite  it,  and  let  a 
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current  of  comparatively  low  voltage  be  supplied  to  this  coil. 
A  magnetic  flux,  as  it  is  termed,  is  produced  in  the  ring ;  the 
strength  of  this  flux  is  proportional  to  the  number  of  coils  and 
the  voltage  of  the  supply.  Now,  suppose  that  on  the  ring  is 
also  wound  another  coil  with  a  very  large  number  of  turns. 
When  the  current  is  switched  on  in  the  small  or  low  tension 
coil  a  magnetic  flux  suddenly  cuts  this  other  circuit.  Owing 
to  the  suddenness  of  the  rise  of  the  magnetic  flux  and  the  large 
number  of  the  coils,  a  very  high  voltage  is  produced.  By  in- 
creasing the  number  of  coils  indefinitely  as  high  a  voltage  as  may 
be  desired  can  be  induced,  a  limit  only  being  imposed  by  the 
amount  of  insulation  necessary  on  the  wires  to  resist  this 
voltage.  This  device  is  called  an  induction 
coil.  The  coil  of  few  turns  is  called  the 
low  tension  or  primary  winding,  and  the 
other  the  high  tension  or  secondary  winding. 
The  ordinary  magneto  designed  to  give 
two  sparks  per  revolution  is  constructed  as 
shown  in  Fig.  88.  The  permanent  horseshoe- 
shaped  magnet  A,  made  of  an  alloy  steel 
chosen  for  its  property  of  retaining  its 
magnetism,  provides  the  magnetic  flux.  A 
soft  steel  armature  D  of  "  H  "  section,  which 
is  geared  to  the  engine,  rotates  between  the 
poles  of  the  magnet.  These  are  provided  with  pole  shoes  C 
designed  to  reduce  the  air  gap  to  a  minimum.  Owing  to 
the  shape  of  the  armature  it  can  be  seen  that  as  it  rotates 
the  magnetic  resistance  offered  varies,  and  thus  the  magnetic 
flux  passing  through  it  varies.  Fig.  88  shows  it  in  the  position 
offering  greatest  magnetic  resistance.  The  mounting  of  the 
magnet  and  bearings  for  the  armature  is  the  Plate  B.  This 
is  made  of  brass  or  aluminium,  which  acts  as  a  magnetic 
insulator.  On  the  armature  is  wound  a  low  tension  or  prim- 
ary winding  E,  consisting  of  comparatively  few  turns.  As  the 
armature  rotates  the  number  of  magnetic  lines  passing  through 
it  would  (neglecting  the  effect  of  currents  induced  in  the 
armature)  vary  somewhat,  as  shown  by  the  curve  M  in  Fig.  89. 
Owing  to  the  reversal  of  the  position  of  the  armature  relative 
to  the  pole  pieces  it  will  have  one  positive  and  one  negative 
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maximum  value  in  each  revolution.  The  effect  of  this  is  to 
cause  a  current  (as  shown  by  the  curve  C)  to  flow  in  the  primary. 
It  should  be  noted  that  the  magnitude  of  this  current  is  pro- 
portional to  the  rate  of  change  (not  the  actual  value)  of  the  flux 
at  any  instant. 

The  fact  that  the  armature  rotates  may  now  be  forgotten. 
Its  subsequent  function  is  simply  that  of  an  induction  coil 
having  on  it  two  coils,  one  E,  of  few  turns,  and  one  F,  of  a  very 
large  number.  In  E  is  generated  the  current  C,  as  indicated  in 
Fig.  89.  This  current  may  conversely  be  regarded  as  causing 
the  magnetism  in  the  core  of  the  induction  coil.  The  voltage 

in  the  secondary 
coil  depends  on  the 
rate  of  change  of 
this  magnetism. 
In  order  to  make 
this  as  great  as 
possible,  a  device 
called  the  contact 
breaker  is  fitted. 
This  is  designed  to 
break  the  primary 
circuit  at  the  mo- 
ments when  the 
current  flowing  has 
maximum  positive 
or  negative  values.  The  current  flowing  in  the  primary  wind- 
ing then  becomes  as  shown  by  the  full  line  parts  of  the 
curve  in  Fig.  89.  At  the  point  A  there  is  then  caused  a 
very  rapid  change  in  the  current  and  a  correspondingly  rapid 
change  in  the  magnetic  flux  in  the  core.  Consequently  a  wave 
of  very  high  voltage  is  induced  in  the  secondary  winding. 
The  high  tension  winding  is  at  one  end  connected  indirectly  to 
the  crank-case  of  the  engine,  the  other  being  carried  to  a  small 
insulated  collector  ring  on  the  armature  shaft  on  which  a  carbon 
collector  brush  bears.  To  this  brush  is  coupled  the  high  tension 
lead  to  the  sparking  plug.  When  this  voltage  rise  occurs  there- 
fore a  spark  is  produced  at  the  plug  points.  A  magneto  which 
gives  two  sparks  per  revolution  and  serves  a  single-cylinder 
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engine  working  on  the  four-stroke  cycle  will  have  to  rotate  at 
one-quarter  the  crankshaft  speed,  and  its  gearing  will  have  to  be 
so  adjusted  that  the  breaks  occur  at  the  exact  moment  when  it  is 
desired  that  the  spark  shall  be  produced  in  the  cylinder. 

The  contact  breaker,  which  breaks  the  primary  current,  is 
the  mechanism  which  "  times  "  the  position  of  the  spark.  Fig.  90 
shows  this  diagrammatically.  The  plate  A  is  keyed  to  the  end 
of  the  armature  shaft  and  is  "  earthed  "  or  connected  to  the 
framework  by  means  of  a  carbon  brush  rotating  in  contact  with 
the  body  of  the  magneto.  The  plate  carries  a  pin  C  on  which 
is  pivoted  the  bell  crank  lever  D.  One  end  of  the  primary 
winding  is  connected  to  the  plate  and  also,  by  means  of  the 
spring  K,  to  the  bell  crank.  At  one 
end  of  the  bell  crank  is  fitted  a 
platinum  contact  F.  This  makes 
and  breaks  contact  with  a  similar 
contact  E  fixed  in  the  block  B. 
The  latter  is  carried  by  the  plate  A, 
but  insulated  from  it.  To  B  is  con- 
nected the  other  end  of  the  primary 
winding.  The  bell  crank  is  actuated 
as  follows :  at  the  end  of  one  arm 

is  a  fibre  block  G  kept  in  contact  with  the  external  fixed  ring  H 
by  means  of  the  leaf  spring  K.  There  are  two  internal  cams  I 
on  this  ring.  It  will  be  seen  that  whenever  G  passes  over  these, 
contact  will  be  temporarily  broken.  These  cams  are  so  located 
that  the  break  positions  correspond  approximately  with  the  two 
maximum  current  positions,  as  shown  in  Fig.  89.  In  order  that 
the  timing  of  the  spark  relative  to  the  piston  position  may  be 
slightly  advanced  or  retarded,  the  ring  H  is  arranged  so  as  to 
be  capable  of  rotation  through  a  small  angle,  the  lug  J  being 
provided  for  the  attachment  of  the  ignition  control. 

When  an  electric  current  is  made  and  broken,  sparking 
tends  to  take  place  at  the  contacts.  This  is  why  the  latter  are 
made  of  platinum,  which  has  a  very  high  melting  point.  The 
sparking  can,  however,  be  considerably  reduced  by  the  inclusion 
of  a  condenser.  This  does  not  take  any  current,  but  simply  acts 
as  a  kind  of  electrical  buffer.  It  is  connected  across  the  contacts 
and  is  usually  built  as  part  of  the  armature. 
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FIG.  91. 


The  magneto  so  far  developed  supplies  two  sparks  per  revolu- 
tion, and  if  run  at  J-engine  speed  could  be  utilised  for  the  ignition 
of  a  single-cylinder  engine.  Suppose  a  multiple-cylinder  engine  is 
to  be  served.  In  the  case  of  a  six-cylinder  engine  the  magneto 

must  provide  three  sparks  per  revolu- 
tion of  the  engine  and  must  distribute 
these  to  the  particular  cylinders  accord- 
ing to  their  firing  order.  The  first 
condition  is  readily  satisfied  by  gearing 
up  the  magneto  to  run  at  ij  times 
engine  speed  ;  the  second  by  the  dis- 
tributor. Fig.  91  shows  the  arrange- 
ment of  this  device.  A  is  the  armature 
shaft.  This  carries  a  gear  wheel  B, 
wrhich  engages  with  a  second  gear 
wheel  C  on  the  distributor  shaft  D. 
The  latter  is  usually  centred  at  the 
point  Z  (Fig.  88).  The  ratio  of  these  gears  is  such  that 
the  distributor  shaft  rotates  once  per  cycle  (i.e.  two  revolutions) 
of  the  engine.  The  armature  therefore  produces  six  evenly 
timed  sparks  per  revolution  of  the  distributor  shaft.  The  high 
tension  lead  from  the  col- 
lector ring  G  on  the  arma- 
ture is  led  via  the  centre 
of  the  distributor  shaft  to 
the  sparking  point  at 
the  end  of  the  rotating 
arm  F.  This  point  almost 
touches  a  series  of  insulated 
terminal  studs,  i  to  6,  in 
the  fixed  distributor  cover 
H,  and  is  so  timed  as  to 
be  directly  over  one  of 
them  as  each  spark  occurs. 
These  contacts  are  made  fairly  large  in  order  that  they  may 
register  with  F  whether  the  contact  breaker  is  set  in  the 
advanced  or  retarded  position.  The  leads  to  the  plugs  in  the 
various  cylinders  are  taken  from  these  terminals.  Each  spark 
is  thus  distributed  to  the  appropriate  cylinder. 
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The  distributing  arrangements  in  the  case  of  a  rotary  engine 
are  particularly  simple.  The  magneto  is  so  geared  as  to  give 
the  requisite  number  of  sparks  (usually  nine)  per  two  revolutions. 
Its  high  tension  lead  is  connected  to  a  carbon  brush  B,  which 
bears  on  a  fibre  ring  C,  the  latter  rotating  with  the  cylinders. 
The  ring  carries  a  series  of  contacts  D  D,  connected  to  terminals 
E  E,  from  which  the  current  is  led  to  the  plugs  by  bare  wires 
F  F.  The  angular  location  of  the  brush  B  is  such  that  it  makes 
contact  with  that  stud  connected  to  the  cylinder  which  is  at 
its  firing  point  as  each  spark  occurs. 

Fig.  93  illustrates  a  magneto  working  on  rather  a  different 
principle.  It  has  a  rotary  "  magnetic  shutter  "  and  a  stationary 
armature.  The  armature  A  is 
fixed  in  the  position  shown, 
the  flow  of  the  magnetic  flux 
through  it  being  controlled  by 
the  position  of  the  sleeve-shaped 
soft  iron  shutter  B,  which  has 
two  slots  S  cut  in  it.  When 
the  shutter  is  in  the  position 
shown  in  the  figure,  the  flux 
through  the  armature  is  very 
weak  owing  to  the  large  air 

gap  (at  S).  If,  however,  the  shutter  be  rotated  through  90°, 
the  resistance  of  the  magnetic  circuit  is  considerably  reduced 
and  the  flux  correspondingly  increased.  The  variations  of  flux, 
low  tension  current,  etc.,  in  the  armature  are  therefore  varied 
in  exactly  the  same  manner  as  they  would  be  by  the  rotation  of 
the  armature  itself.  In  the  case  of  a  fixed  armature  the  rotating 
high  tension  collector  ring  and  brush  for  the  collection  of  the 
high  tension  current  are  unnecessary.  The  contact  breaker  is 
carried  on  the  same  shaft  as  the  shutter.  The  general  appear- 
ance of  a  magneto  of  this  type  is  practically  the  same  as  the 
more  usual  type  already  described. 

Fig.  94  illustrates  a  further  development  of  this  principle, 
i.e.  the  variation  of  the  flux  through  a  stationary  armature  by 
mechanically  varying  the  resistance  of  the  magnetic  circuit. 
In  this  case,  however,  the  arrangement  is  such  that  four  instead  of 
two  reversals  of  the  armature  flux  are  obtained  per  revolution  of 
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the  rotor.  The  rotor  shaft  in  this  case  is  arranged  at  right 
angles  to  the  direction  of  the  armature  shaft  shown  in  Fig.  88. 
It  carries  two  soft  iron  plates  N'  and  S',  which  rotate  almost 
in  contact  with  the  N  and  S  poles  of  the  permanent  magnet. 
These  plates  each  carry  two  inductors  N  N  and  S  S,  which  become 
similarly  magnetised.  The  fixed  armature  has  a  horseshoe- 
shaped  core  C  arranged  at  right  angles  to  the 
axis  of  rotation  of  the  rotor.  The  figure 
shows  a  cross-section  through  the  centre  of 
the  rotor.  It  will  be  noted  that  only  a  90° 
S'  movement  of  the  latter  is  required  to  induce 
a  complete  flux  reversal  in  the  armature, 
whereas  180°  is  required  in  the  magneto  as 
more  commonly  constructed.  Where  engines 
with  a  very  large  number  of  cylinders  have 
to  be  served  the  speed  of  rotation  of  the 
ordinary  magneto  becomes  prohibitive.  This 
makes  it  necessary  either  to  adopt  a  device 
of  this  nature  or  to  use  more  than  one 
magneto.  A  magneto  of  this  "polar-inductor  " 
type  is  shown  in  Plate  VII. 

A  ready  means  of  stopping  an  engine  is  provided  by  switching 
off  the  ignition.    This  is  done  by  short-circuiting  the  contact 
breaker.      One   switch   wire  is   connected   to  the 
framework  of  the  machine,  i.e.  virtually  to  A  (Fig. 
90),  the  other  to  B.     It  will  be  seen  that  when 
the  switch  is  in  the  "  on  "   (which  is  the  "  ignition 
off  ")  position  the  effect  of  the  contact  breaker  will 
be  nullified  and  no  sparks  will  be  produced. 

Fig.  95  shows  a  section  of  a  typical  aero 
sparking  plug.  A  is  the  high  tension  terminal  to 
which  the  insulated  lead  from  the  distributor  is 
carried.  The  central  electrode  B,  which  is  usually 
made  of  nickel,  is  insulated  by  a  mica  tube  C  and 
a  series  of  mica  washers  D  from  the  body  of  the  plug.  The 
latter  is  screwed  into  the  cylinder.  The  high  tension  current 
is  thus  compelled  to  jump  the  gap  E  in  the  form  of  a  spark 
to  the  electrode  F,  which  is  riveted  into  the  body  of  the  plug. 
The  electrodes  E  and  F  where  the  spark  occurs  protrude  into  the 
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combustion  space  of  the  cylinder.  The  gap  from  E  to  F  should 
be  about  x-J-^j  of  an  inch.  The  most  important  part  of  the  plug 
is  the  insulation.  If  this  breaks  down,  the  current  will  leak  away 
by  this  easier  path  rather  than  leap  the  gap.  Porcelain  and  mica 
are  the  most  commonly  used  insulating  materials.  Porcelain 
is  at  some  disadvantage  owing  to  its  brittleness.  In  the  case 
of  mica  it  is  the  inner  tube  C  which  provides  the  bulk  of  the 
insulating  power.  If  this  tube  is  very  thin,  the  washers  being 
relied  on,  the  current  tends  to  leak  between  the  washers. 

Systems  of  ignition  dispensing  with  the  magneto  have  recently 
been  used  with  great  success.     They  are  practically  an  improved 


C.ACCUMUUATOR 

D_  CONTROL    SWITCH 

C -CONTACT 

F. INDUCTION    COIL 


CT  _  DISTRIBUTOR 

H  .  SPFJRKINQ    PU1QS 


FIG.  96. 


form  of  the  coil  and  accumulator  system  known  to  older  motorists. 
The  inherent  disadvantages  of  nearly  all  forms  of  magneto  are 
that  at  slow  speeds  they  produce  a  poor  spark  and  that  the  spark 
intensity  varies  as  the  ignition  is  advanced  or  retarded.  In  the 
system  illustrated  in  Fig.  96  the  primary  current  is  provided  by 
an  engine-driven  dynamo  supplemented  by  the  accumulators 
at  such  times  as  the  engine  is  stopped  or  running  slowly.  This 
primary  current,  which  is  sensibly  constant,  is  made  and  broken 
by  a  contact  breaker  driven  by  the  engine.  The  intermittent  low 
tension  current  passes  through  the  primary  winding  of  an  induc- 
tion coil.  Its  sudden  variations  induce  voltage  waves  in  the 
secondary  sufficient  to  cause  sparks  at  the  plugs.  The  distribu- 
tion of  the  sparks  to  the  plugs  is  effected  by  means  of  a  distributor 
driven  at  the  requisite  speed  by  the  engine.  The  timing  of  con- 
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tact  breakers  and  distributors  in  a  system  of  this  type  is  similar 
to  the  case  of  the  magneto.  It  will  be  noted  that  the  accumulators 
are  so  connected  that  when  the  dynamo  is  not  developing  its 
full  voltage,  they  will  discharge  and  supply  the  necessary  current, 
being  themselves  re-charged  when  it  has  speeded  up  and  its 
voltage  has  increased. 

The  wiring  of  the  ignition  system  must  always  be  carefully 
installed  and  frequently  inspected  when  in  use.  Faulty  running 
is  often  attributable  to  some  minor  wiring  defect  which  is  difficult 
to  diagnose  and  which  when  diagnosed  is  often  hard  to  locate. 
The  engine  itself  is  always  utilised  as  the  return  wire  for  both  the 
high  and  low  tension  currents.  That  is  to  say,  the  plate  A  (Fig. 
90)  is  connected  to  the  engine,  and  the  return  wire  from  the  ignition 
control  switch  is  carried  back  to  the  engine.  The  high  tension 
current  reaches  the  engine  framing  by  jumping  the  plug  gaps. 
In  Fig.  96  the  wire  A  shown  is  dispensed  with  ;  the  engine  serves 
its  purpose.  The  various  dotted  lines  indicate  connections  direct 
or  indirect  to  the  crank-case. 

The  various  causes  of  troubles  encountered  in  ,the  ignition 
system  may  be  briefly  examined.  In  general,  oil  and  moisture 
are  those  most  ordinarily  met  with.  Oil  in  the  case  of  the  high 
tension  circuit  attacks  the  insulating  materials.  It  may  also 
prevent  plugs  from  sparking.  In  the  case  of  the  low  tension 
circuit,  oil  is  very  effective  as  an  insulator.  Moisture  is  a  good 
conductor,  and  where  present,  e.g.  as  a  film  on  the  insulation  of  a 
plug,  provides  an  alternative  path  for  the  high  tension  currents. 

In  the  case  of  the  magneto  the  main  troubles  experienced 
arise  from  oil,  moisture,  or  dirt.  If  the  magneto  be  over-oiled  or 
liable  to  become  oiled  by  discharges  from  the  engine  the  insula- 
tion of  the  armature  will  be  attacked,  also  the  contact  breaker 
points  will  become  oily  and  fail  to  operate  satisfactorily.  Moisture 
in  the  magneto  will  provide  a  means  of  leakage  for  the  high 
tension  current.  If  a  magneto  has  been  standing  in  a  damp 
atmosphere  for  any  length  of  time,  it  will  seldom  work  satis- 
factorily till  it  has  been  thoroughly  dried.  The  points  requiring 
attention  on  the  magneto  are  the  platinum  contacts  and  the  distri- 
butor. The  former  should  be  adjusted  to  a  gap  of  about  xtnhj  °f 
an  inch,  and  should  be  kept  thoroughly  clean.  A  detail  which 
sometimes  gives  trouble  is  the  small  fibre  brush  on  which  the 
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contact  breaker  bellcrank  works.  Moisture  causes  this  to  swell. 
The  lever  then  sticks  either  permanently  or  intermittently. 
Most  distributors  require  to  be  thoroughly  cleaned  after  every 
few  hours'  running.  A  carbon  or  metal  trail  tends  to  form  along 
the  track  between  the  contacts.  Although  this  may  not  appear 
to  be  of  much  consequence,  yet  with  the  voltages  involved  it 
can  be  responsible  for  a  considerable  amount  of  high  tension 
leakage.  In  the  case  of  rotary  engines,  owing  to  their  high 
oil  consumption,  distributor  oiling  troubles  are  not  uncommon 
In  the  case  of  engines  having  more  than  one  magneto  the 
question  of  synchronisation  also  is  important,  especially  when 
there  is  more  than  one  plug  in  each  cylinder. 

Plugs  require  constant  attention.  In  the  case  of  most 
engines  they  should  be  taken  out  and  cleaned  after  every  few 
hours'  running.  The  portion  needing  most  attention  is  that 
around  the  centre  electrode  and  inside  the  screwed  part  of  the 
body.  The  cleaning  may  best  be  done  with  a  wire  brush  and 
a  little  petrol.  Paraffin  must  never  be  used  on  plugs  with  mica 
insulation.  The  points  of  the  plug  sometimes  become  distorted 
with  heat ;  they  should  be  adjusted  to  a  gap  of  xtJTJTF  °f  an  inch. 
A  plug  tester,  which  consists  of  a  small  cylinder  with  a  glass 
inspection  window,  is  a  very  useful  accessory.  The  plugs  are 
screwed  into  this  in  turn.  The  pressure  in  the  cylinder  is  pumped 
up  to  about  100  Ibs.  The  plug  is  then  tested  with  a  hand  magneto. 
A  plug  with  faulty  insulation  will  often  appear  to  spark  satis- 
factorily when  under  atmospheric  pressure,  whereas  when  sub- 
jected to  the  compression  it  will  fail. 

The  m'ain  points  in  connection  with  wiring  are  that  it  should 
not  be  subjected  to  undue  heat,  it  should  be  kept  away  from  oil, 
and  it  should  be  prevented  from  chafing.  Wires  should  wherever 
possible  be  conveyed  in  tubes.  The  portions  which  have  neces- 
sarily to  be  exposed  should  be  as  short  as  possible  so  as  not  to 
be  able  to  swing  about  and  chafe.  All  connections  should  be  made 
with  sweated  terminals.  Terminal  screws  must  be  examined  con- 
stantly to  ensure  their  not  slacking.  Any  connections  not  easy 
of  access  or  particularly  liable  to  slack  back  should  be  taped. 

To  ensure  complete  reliability  of  ignition  the  essential  points 
are  as  elsewhere — extreme  cleanliness  and  a  conscientious  care 
of  detail. 


CHAPTER    XVI 
PETROL,  OIL,  AND  WATER  SYSTEMS 

THIS  chapter  is  devoted  to  the  consideration   of   the 
various  tank  and  pipe  services  to  the   engine.    There 
are  a  number  of  general  principles  applicable   to    all 
systems  of  this  nature.     It  is  proposed  first  to  examine  some 
of  these  and  then  to  note  their  particular  application  to  the 
petrol,  oil,  and  water  systems  of  a  machine. 

As  regards  the  tanks  these  are  usually  made  of  tinned  steel 
sheets  of  thin  gauge.  This  material  is  eminently  satisfactory, 
being  strong,  cheap,  and  easily  repaired.  Sheet  brass  or  welded 
aluminium  may  also  be  used.  The  joints  are  usually  riveted 
and  soldered.  In  tanks  of  any  kind 
large  flat  unsupported  surfaces  are 
always  a  source  of  weakness.  If  a  tank, 
as  indicated  in  Fig.  97,  is  subjected  to 
internal  pressure,  it  is  the  flat  ends  that 
bulge  and  give  way.  Flat  surfaces,  if 
•extensive,  are  usually  supported  by  ties, 
for  example,  a  bolt  such  as  AB  in  Fig. 
97  would  add  very  greatly  to  the  FlG>  97§ 

strength.  A  further  point  which  must  not  be  overlooked  when 
considering  the  possible  pressure  bulging  of  sides  is  its  effect  on 
the  joints.  The  material  itself  will  not  usually  fail,  but 
successive  strains  will  cause  the  corner  joints  to  leak. 

Tanks  are  usually  attached  to  the  machine  by  means  of  lugs 
soldered  and  riveted  on  them.  These  lugs  are  often  a  source 
of  weakness  on  account  of  the  strains  to  which  they  may  be 
subjected.  It  is  usual  to  arrange  a  soft  felt  washer  between 
the  lug  and  the  portion  of  the  machine  framework  to  which 
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they  are  bolted.  This  obviates  strains  which  might  otherwise 
arise  from  lack  of  truth,  and  it  also  minimises  the  effects  of 
vibration.  In  tank  work  and  sometimes  in  part  of  the  pipe  work 
the  use  of  soft  solder  is  resorted  to.  This  makes  an  exceedingly 
strong  joint  when  properly  applied.  It  must,  however,  always 
be  remembered  that  soft  solder  is  very  liable  to  fatigue,  so  that 
where  vibration  is  to  be  expected  hard  solder  or  brazing  should 
be  used  instead.  Tanks  of  all  kinds  should  be  provided  with 
an  ample  drain  at  their  lowest  point  for  convenience  in  flushing 
them  out.  It  is  a  great  advantage  if  this  drain  be  situated  in 
a  small  sump,  as  indicated  in  Fig.  97,  as  then  any  dirt  which  may 
find  its  way  into  the  tank  will  settle  to  this  point.  This  sump 
and  drain  is  of  particular  advantage  in  the  case  of  petrol  tanks. 
If  any  water  gets  into  the  tank  it  will  settle  to  this  point  and 
may  then  be  drained  off.  It  is  particularly  easy  to  test  for  water 
in  petrol  tanks  so  fitted.  If  mixed  petrol  and  water  be  allowed 
to  settle  for  a  few  moments  in  a  glass  vessel  the  line  of  demarca- 
tion between  the  two  fluids  is  very  apparent.  Tanks  of  all 
types  should  be  fitted  with  gauzes  at  their  filling  caps.  These 
gauzes  should  not  be  relied  on  as  filters,  but  should  be  regarded 
as  an  extra  precautionary  measure.  Filler  caps  should  always 
be  attached  in  such  a  manner  that  they  cannot  be  lost.  They 
should  also  be  shaped  so  that  no  special  tool  is  necessary  to 
screw  them  up. 

Little  trouble  should  be  experienced  with  pipe  systems 
once  they  are  correctly  installed.  Their  original  arrangement, 
however,  calls  for  a  good  deal  of  thought,  and  a  number  of  pit- 
falls await  the  unwary  fitter  of  pipes.  The  importance  of  ex- 
treme reliability  in  the  pipe  system  is  self-evident  and  cannot 
be  over-emphasised. 

The  materials  used  for  pipes  are  copper,  aluminium,  rubber 
composition,  and  occasionally  steel.  Copper  is  the  most  usual, 
It  has  the  advantages  of  reliability,  ease  of  bending,  ease  of 
soldering  or  brazing,  and  freedom  from  oxidation.  Its  chief 
disadvantages  are  its  high  weight  and  the  fact  that  it  is  some- 
what readily  fatigued.  Copper  subject  to  vibration  crystallises 
and  becomes  very  brittle.  The  remedy  is  simple.  All  copper 
pipes  liable  to  fatigue  must  be  annealed  periodically.  This  is 
quite  easily  done  by  heating  the  material  to  a  dull  red  heat 
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and  quenching  it  in  water.  Prevention  is,  however,  better 
than  cure.  This  aspect  of  the  subject  is  discussed  farther  on. 
Pipes  made  of  aluminium  and  its  alloys  are  not  at  present 
very  much  used  except  as  conduits  for  electrical  wiring  and 
for  the  air  speed  indicator  air  tubes.  Their  use  will,  however, 
probably  become  more  general.  Aluminium  and  its  alloys  are 
not  so  easy  to  work  as  copper,  and  they  have  the  disadvantage 
that  all  nipples,  unions,  etc.,  must  be  welded.  Aluminium  is 
very  liable  to  electrolytic  corrosion,  and  where  damp,  and 
particularly  sea  water,  is  likely  to  be  encountered  junction 
between  it  and  other  metals  must  be  avoided. 

Rubber  composition  piping  is  largely  used  to  make  flexible 
connections  between  tubes  of  other  materials.     Its  advantage 

in  this  respect  is  obvious.  Petrol  resist- 
ing rubber  composition  is  obtainable 
and  is  very  satisfactory.  Rubber 
composition  deteriorates  somewhat 
rapidly,  especially  when  subject  to 
heat  and  oil.  These  connections  must 


therefore  be  inspected  periodically  and 
renewed  as  necessary.  The  joint  between 
the  rubber  and  the  pipe  to  which  it 
couples  is  made  by  means  of  a  clip 

which  is  tightened  up  on  the  outside. 

FIG.  98.  '  One  °*  tne  greatest  troubles  experienced 

with  rubber,  but  one  which  can  be  easily 
guarded  against  by  good  workmanship  and  reasonable  fore- 
thought, arises  from  internal  chafing.  Fig.  98,  A,  B,  and  C, 
illustrate  forms  of  rubber  connection.  In  the  case  of  joint  A 
the  edges  of  the  pipe  indicated  at  X,  especially  if  left  sharp, 
will  chafe  the  rubber  and  even  cut  it  seriously.  Pieces  may 
protrude,  constricting  the  bore  at  the  joint,  and  any  small  pieces 
breaking  away  may  choke  other  parts  of  the  system.  B  shows 
an  improvement  on  this  arrangement,  a  bead  being  formed  on 
the  tubes.  The  scheme  indicated  in  C  is,  however,  best.  Here 
an  Olive,  as  it  is  called,  is  inserted  between  the  two  suitably 
expanded  pipe  ends.  This  arrangement  provides  a  flexible 
joint  and  effectually  prevents  chafing  of  the  rubber  and  the 
ingress  of  particles.  It  has  the  further  advantage  that  it  resists 
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any  tendency  which  the  material  (particularly  when  saturated 
with  petrol)  has  to  swell  inwards  and  constrict  the  bore. 

Steel  is  chiefly  used  where  the  pipe  serves  a  dual  purpose 
by  forming  some  structural  member. 

Vibration  is  the  cause  of  most  pipe  failures  on  aeroplanes. 
The  structure  of  the  machine  not  being  very  rigid,  it  distorts 
slightly  according  to  the  load  to  which  it  is  subjected.  The 
engine  bearers,  owing  to  the  slightly  varying  torque  and  the  slight 
lack  of  balance  in  the  moving  parts,  are  subject  to  a  continuous 
tremor.  Owing  to  misfiring  or  other  engine  defects  very  con- 
siderable vibration  may  arise  at  times.  The  fatiguing  effect  of 
these  movements  on  the  various  pipes  must  be  guarded  against. 
Referring  to  Fig.  99,  a  pipe,  as  shown  in  Fig.  A,  if  subject  to 
vibration,  must  suffer  considerable  stress  during  the  deforma- 
tions to  which  it  has  to  conform. 

Straight   pipes   are    therefore     to    be        §1  [§ 

avoided.  A  pipe  such  as  B  with  a 
single  bend  in  it  is  much  better. 
Here,  though,  the  deformation  will 
be  localised  chiefly  at  the  bend,  and 
this  point  will  prove  a  source  of  weak- 
ness. A  pipe  such  as  C,  in  the  length 
of  which  are  arranged  one  or  more 
complete  twists  of  not  too  small  radius, 
is  more  satisfactory,  and  can  provide 

a  considerable  degree  of  flexibility ;  in  arranging  the  coils, 
however,  the  possibility  of  air  locks  must  be  considered.  In 
the  case  of  all  pipes,  the  bends  of  which  are  relied  on  for 
flexibility,  these  portions  are  liable  to  fatigue  and  should 
occasionally  be  annealed.  All  bends  should  be  annealed  after 
manufacture,  as  the  bending  of  a  pipe  which  naturally  involves 
stressing  it  beyond  its  elastic  limit  always  hardens  it.  Another 
form  of  flexible  coupling  is  the  rubber  one  shown  in  D ;  this  is 
extremely  flexible  and  effectually  isolates  the  metal  part  of  the 
pipe  from  all  vibration  effects.  Its  only  disadvantage  is  that 
common  to  all  rubber  compositions,  namely,  lack  of  durability. 
Rubber  joints  should  not,  if  it  can  be  avoided,  be  placed  in 
inaccessible  positions,  as  they  should  frequently  be  inspected 
for  signs  of  deterioration,  The  position  of  the  flexible  joints 
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calls  for  a  little  forethought.  In  arranging  them  the  aim  should 
be  to  divide  the  length  of  the  pipe  into  a  number  of  sections 
which  may  be  expected  to  vibrate  independently.  Flexibility 
between  each  section  is  then  provided  for. 

Another  consideration  which  must  govern  the  general  run  of 
the  pipe  lines  is  the  avoidance  of  air  locks  and  what  may  be 
called  dirt  traps.  If  a  pipe  be  arranged,  as  indicated  in  Fig. 
100  (A),  any  air  which  may  get  into  the  system  will  make  its 
way  to  the  topmost  point  and,  owing  to  its  reluctance  to  flow 
downwards,  will  greatly  interfere  with  the  free  flow  of  the  liquid. 
It  may  even  prevent  it  altogether.  Moreover,  in  the  case  of  oil 
systems,  if  the  pumps  draw  a  liquid  from  a  tank  and  are  of  a  gear 

type  they  will  not  suck  air,  and 
the  presence  of  accumulated  air 
will  cause  a  breakdown  of  the 
supply.  The  danger  arising  from 
air  locks  depends  to  some  extent 
on  the  pump  pressures  available 
to  overcome  them.  Another 
serious  form  of  air  lock  not  in- 
frequently met  with  is  the  air 
locking  of  a  tank  from  which 
liquid  is  being  drawn.  If  liquid 
is  being  drawn  from  a  tank  the 
ingress  of  air  is  necessary  to  take 

its  place.  There  would  otherwise  be  formed  a  vacuum  which 
would  increase  until  a  negative  pressure  existed  in  the  tank 
equal  to  the  suction  of  the  pumps,  whereupon  the  flow  would 
cease.  In  Fig.  101,  were  the  pipe  I  of  the  gravity  tank  blocked, 
the  tank  would  be  entirely  ineffective.  Likewise  in  Fig.  102  it  is 
essential  that  all  the  tanks  (Ai,  A2,  and  H)  should  have  some* 
form  of  air  inlet.  Down  bends,  as  indicated  in  Fig.  100  (B),  must 
also  be  avoided.  These  form  a  harbouring  place  for  dirt,  the 
gradual  accumulation  of  which  may  ultimately  choke  the 
system.  Moreover,  in  the  case  of  petrol  systems  water  will 
segregate  to  these  points,  and  in  cold  air,  freezing  and 
consequent  stoppage  of  the  pipe  may  ensue.  The  avoidance  of 
these  two  troubles  demands  that  the  pipe  should  as  far  as 
possible  have  a  steady  upward  or  downward  flow. 
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Petrol  pipes  should  never  be  led  near  to  very  hot  parts  of 
the  engine,  otherwise  the  petrol  in  them  at  these  points  may 
boil  and  interfere  with  the  flow.  Exhaust  manifolds,  carburettor 
inlets,  and  other  points  where  flame  may  occur  must  be  avoided 
on  account  of  fire  risks  in  event  of  a  breakage. 

In  all  systems  pipes  of  ample  bore  are  essential.  Wherever 
any  doubt  exists  they  must  be  made  on  the  large  side. 

It  is  now  proposed 
to  describe  represent- 
ative types  of  petrol, 
oil,  and  water  systems, 
commenting  on  the 
principles  controlling 
their  design  and  the 
advantages  of  alterna- 
tive arrangements. 

Petrol  systems  in 
general  maybe  divided 
into  two  classes.  In  the 
first,  air  is  pumped  into 
the  tanks  and  forces 
the  petrol  out.  In  the 
second,  the  petrol 
pumps  are  situated  in 
the  tanks  and  pump 
the  petrol  itself  into 
the  pipe  lines.  A  third 
system,  which  unfor- 
tunately can  seldom 
be  adopted,  consists  of 
all  gravity  tanks. 
This  demands  that 
all  the  tanks  should 
carburettors. 
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be  situated  above  the  level  of  the 
The  second  system  has  several  advantages.  The 
most  important  of  these  is  that,  as  the  tanks  are  not  subject 
to  pressure,  leakage  is  less  to  be  feared.  Also,  if  a  crack 
does  occur,  there  is  no  bulk  of  compressed  air  in  the  tank 
available  to  force  the  petrol  out.  Whichever  of  these  systems 
is  adopted,  the  pumping  arrangements  must  be  duplicated. 
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Nearly  all  systems  have  what  is  known  as  a  gravity  tank.  This 
can  supply  petrol  for  starting  up,  and  it  also  carries  a  sufficient 
supply  to  allow  of  landing  under  power  being  effected  in  the 
event  of  some  breakdown  affecting  the  whole  of  the  pressure 
system.  The  gravity  tank  is  usually  situated  in  the  top  plane 
of  the  machine  so  that  the  maximum  head  of  petrol  is  available. 

The  arrangement  generally  adopted  in  the  case  of  the  air  pres- 
sure system  is  shown  in  Fig.  101.     Two  main  and  one  gravity 
tank  are  shown.     The  arrangement  is,  however,  capable  of  exten- 
sion to  any  number  of  tanks.     B  is  the  mechanical  air  pressure 
pump  and  C  is   the  hand  pump  provided  as  a  stand-by  and 
for  starting.      The   pump  B  is  commonly  either  driven  by  a 
fan  or  mechanically  by  the  engine.      When  driven  by    a   fan 
the  pump  should  be  so  arranged  as  to  be  in  the  slip   stream 
of  the  propeller.     When   driven   by   the   engine  it    is    usually 
actuated  by  a  special  cam  on   the  half-time  shaft.    The  air 
pressure  pipes  are  coupled  to  the  distribution  box  D  via  the  taps 
i  and  2.     This  box  is  provided  with  a  relief  valve  E,  which  can 
readily  be  adjusted  to  the  pressure  of  the  supply.     The  pressure 
of  the  petrol  supply  on  most  machines  is  about  3  Ibs.     From 
the  air  distribution  box  pipes  are  led  to   the  main  tanks    Ai 
and  A2  via  taps  3  and  4.     The    petrol   flows   from  the  main 
tanks    via   the   taps   5   and   6   to  the  petrol  collection  box  F. 
The  pipe  conveying  the  petrol  to  the  engine  is  coupled  to  this 
box.    A  pressure  gauge  G  is  connected  to  the  collector  box  F. 
This  shows  at  all  times  the  pressure  of  the  petrol  which  is  being 
supplied  to  the  engine.      The  gravity  tank  H  is  also  coupled 
to  the  collector  box  via  the  tap  7.    The  gravity  tank    must 
be  provided  with  an  air  inlet   I  in  order  that  it  shall   not 
become  air  locked.     The  caps  on  the  main  taps  in  a  pressure 
system  must  be  quite  airtight.     It  will  be  noted  that  if  the 
gravity  tap  7  is  left  open,  and  if  the  pressure  in  the  pressure 
system  is  great  enough  (which  it  usually  is)  to  overcome  the  head 
to  the  gravity  tank,  the  tank  will  refill  and  overflow  at  the  air 
inlet.     This  provides  a  ready  means  of  refilling  the  gravity  tank, 
but  demands  that  the  tap  7  shall  not  be  left  open  after  it  is  filled. 
The  working  of  the  system  is  very  simple  and  requires  no  further 
explanation.     It  is  evident  that  by  manipulation  of  the  taps  air 
pressure  from  either  pump  can  be  directed  to  either  or  both  tanks, 
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and  that  petrol  may  be  directed  from  any  tank  to  the  engine. 

The  parts  of  the  system  within  the  dotted  line  of  the  figure 

must    be    placed     within 

easy  reach  of  the  pilot.  t|| 
A  system  which  does 

not  rely  upon  air  pressure 

is    shown    in     Fig.     102. 

This     diagram  shows  an 

extremely  ingenious   and 

satisfactory    arrangement 

which   is   fitted  to   most 

of    the    Airco    machines. 

Rotary  pumps  FF  driven 

by  fans  JJ    are   situated 

in  the  two    main    tanks. 

These  deliver  petrol    via 

the     release     valves     E 

(which    are    usually    set 

at  about  3  Ibs.)  and  the 

non-return  valves  K  (i.e. 

valves  which  allow  liquid 

to  flow  in  one    direction 

only)  to  the  main  distri- 
bution valve  B,   which  is 

controlled  by  the  indicator  D.     This  distribution  valve  is  shown 

enlarged  in  Figure  103.     Its  action  is  as  follows.     The  supplies 

are  carried  to  orifices  i,  2, 
and  3  in  its  back  plate,  as 
indicated.  The  distribution  is 
then  controlled  by  the  plate  C, 
which  is  rotated  by  the  indicator 
D.  This  plate  actually  works 
against  the  inside  face  of  the  back 
FlG<  I03>  of  the  box,  but  is  shown  moved 

F  to  gravity  tank  forward     from      this     position     to 

HtotankAi.  I  to  engine.   .,,  .,  ,.  \.    , 

illustrate  its  action.  It  has  two 
holes  in  it,  5  and  4,  which  can  be  made  to  register  with  the 
holes  in  the  back  plate.  To  consider  the  position  II  as  shown,  this 
opens  up  the  pipe  to  the  gravity  and  the  pipe  to  the  main  tank 


FIG.  102. 
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A2.  If  the  fans  are  not  running,  as  would  be  the  case  when 
starting  up,  the  gravity  tank  supplies  petrol.  Then  as  the  fan 
pump  in  A2  begins  to  work  it  gradually  takes  up  the  supply. 
When  the  fan  is  running  strongly  the  pressure  also  forces  petrol 
back  from  the  distribution  box  to  the  gravity  tank.  The  excess, 
however,  flows  back  to  the  main  tanks  via  the  pipes  L.  The 
object  of  the  non-return  valves  is  to  prevent  the  petrol  flowing 
from  the  gravity  tank  back  to  the  main  tank  when  the  indicator  is 
in  this  position  and  the  fans  are  not  running.  When  the  machine 
is  well  in  the  air  the  indicator  is  turned  to  IV  ;  4  then  registers 
with  2,  and  5  is  blank.  Only  the  main  tank  then  supplies  petrol. 
The  positions  I  and  III  are  similar  as  affecting  the  tank  Ai.  A 
pressure  gauge  is  coupled  to  the  delivery  side  of  the  distributor 
valve.  A  further  refinement  is  provided  by  the  valve  6  coupling 
the  two  tanks.  If  this  is  opened,  then,  in  the  event  of  failure  of  one 
of  the  pumps,  the  other  may  be  utilised  to  empty  both  tanks. 

The  oil  system  is  usually  a  fairly  simple  one  as  a  comparatively 
small  tank  will  hold  all  the  necessary  oil.  In  the  case  of  stationary 
engines  all  the  oil  is  continuously  circulated,  passing  many  times 
through  the  engine  and  tank.  In  the  case  of  rotaries  it  is  continu- 
ously consumed  and  flung  out  through  the  exhaust.  Oil  pumps  are 
usually  of  the  gear  type,  as  indicated  in  Fig.  73  ;  since  the  presence 
of  air  very  seriously  affects  their  efficiency,  it  must  be  particularly 
guarded  against.  Little  other  trouble  is  experienced  with  the 
oil  system.  The  tank  should  be  near  the  engine.  In  some  cases 
arrangements  are  made  to  air-cool  the  oil  in  the  tank.  There  is, 
however,  usually  sufficient  circulation  to  render  this  unnecessary. 
Oil  tanks  and  pipes  should  be  cleaned  out  periodically,  as  any 
gummy  constituents  in  the  oil  tend  to  settle  in  them.  Oil  tanks 
should  usually  be  placed  below  the  level  of  the  sump  as  in  some 
engines  it  is  possible  for  the  oil  to  leak  slowly  into  the  sump,  the 
result  being  that  the  engine  becomes  flooded  with  oil  and  has  to 
be  drained  before  it  can  be  started.  The  oil  pumps  should  be 
situated  below  the  general  oil  level  when  the  machine  is  standing ; 
air  can  then  never  get  in,  and  they  will  consequently  not 
require  to  be  primed  for  starting.  The  filters  in  the  oil  system 
must  be  given  very  frequent  attention,  particularly  in  the  case 
of  new  engines.  It  is  remarkable  how  much  impure  matter  is 
commonly  allowed  to  accumulate  in  them. 
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With  regard  to  filters  generally,  whatever  system  they  be 
situated  in,  the  danger  of  placing  them  in  inaccessible  positions 
may  here  be  commented  on.  It  is  sometimes  found  that  makers 
place  gauzes  inside  tanks  and  in  other  similar  places,  which  make 
it  practically  impossible  to  clean  them.  In  some  cases  their 
presence  may  not  even  be  suspected.  They  may  then  become 
a  source  of  considerable  danger. 

The  water  system  is  generally  very  simple,  the  radiator  being 
always  very  close  to  the  engines.  One  of  the  most  important 
points  in  the  design  of  the  water  system  is  the  provision  of  efficient 
drains  which  render  it  possible  thoroughly  to  clear  the  engine  of 
water  in  frosty  weather.  The  honeycomb  type  of  radiator  is 
almost  universally  used  on  account  of  its  lightness  and  efficiency. 
This  type  consists  of  a  very  large  number  of  thin  brass  tubes 
arranged  parallel  to  the  direc- 
tion of  air  flow  and  soldered 
as  indicated  in  Fig.  104.  The 
water  percolates  between  what 
is  normally  the  outside  of  the 
tubes.  The  total  area  of  the 
insides  of  the  tubes  presents 
a  very  large  cooling  surface. 
Radiators  must  be  carefully 
mounted  in  a  machine  so  as  to 
avoid  strains  and  excessive 
vibration,  which  very  soon 
damage  them.  For  the  same  reason  the  pipe  connections  to 
the  engine  must  always  include  a  flexible  rubber  joint.  From 
the  top  of  the  radiator  there  is  always  an  overflow  tube  called 
a  steam  tube.  This  takes  any  overflow  which  may  occur  if  the 
water  begins  to  boil,  and  should  always  be  led  to  some  point 
where  the  pilot  can  see  it,  so  that  his  attention  is  immediately 
drawn  to  any  undue  heating.  A  thermometer  is  always  fitted  to 
the  water  system.  In  this  connection  it  must  be  remembered  that 
the  water  boils  more  readily  at  high  altitudes.  Only  the  purest 
water  obtainable  must  be  used  for  filling  the  water  system,  and 
once  used  it  should  not  be  changed,  but  only  added  to.  Every  pint 
of  new  water  added  has  in  it  a  certain  amount  of  impurity,  all 
of  which  is  deposited  in  some  part  of  the  engine  or  water  system. 


CHAPTER   XVII 
ENGINE  STARTING  AND  RUNNING 

IN  the  earlier  days  of  aviation  when  engines  were  of  much 
smaller  power  than  they  are  to-day  the  engine  was  invariably 
started  by  swinging  the  propeller.  The  process  is  practically 
the  same  as  the  starting  of  a  car  engine  by  means  of  the  crank 
handle.  The  first  few  turns  suck  the  gas  into  the  cylinders, 
whereupon  the  engine  begins  to  fire  and  picks  up  itself.  In 
the  case  of  the  car  engine  the  handle  is  mounted  on  a  ratchet  so 
that  when  the  engine  commences  to  run  itself  the  starting  handle 
is  not  carried  round.  As  far  as  the  person  swinging  the  engine  is 
concerned  the  sooner  it  starts  the  better  he  is  pleased.  The 
propeller  of  an  aeroplane,  however,  cannot  be  so  mounted,  and 
its  unexpected  starting  is  liable  to  damage  the  person  swinging  it. 
The  process  must  therefore  be  somewhat  modified.  With  the 
ignition  switched  off  the  engine  is  first  "  sucked  in  "  by  swinging 
the  propeller  several  turns  as  rapidly  as  possible.  When  it  is 
judged  that  the  cylinders  are  well  charged  with  gas,  the  ignition 
is  switched  on,  the  propeller  given  one  good  pull  over  a  compres- 
sion, and  if  all  is  in  order,  the  engine  should  fire. 

The  swinging  of  the  propeller  requires  a  certain  amount  of 
skill.  When  the  switch  is  on  and  the  engine  is  expected  to 
start  the  situation  is  not  without  danger.  If  the  man  swinging 
it  does  not  get  clear  as  the  engine  takes  charge  he  will  be  struck  by 
the  propeller.  This  accident  is  usually  the  result  of  carelessness 
born  of  familiarity,  or  in  some  cases  it  is  due  to  a  mishap  such  as 
a  slip  on  wet  ground.  Its  results  are  usually  serious,  a  broken 
arm  being  one  of  the  least.  A  further  and  not  infrequent  cause 
of  these  accidents  is  the  inadvertent  leaving  of  the  switch  in  the 
"  on  "  position  during  the  process  of  sucking  in.  The  engine  in 

these  circumstances  unexpectedly  starts  up.     For  this  reason 

138 


ENGINE  STARTING  AND  RUNNING  139 

the  main  switch  should  always  be  placed  in  such  a  position  that  it 
can  easily  be  seen  by  the  person  swinging  the  propeller.  The 
wise  mechanic  will  always  glance  at  the  switch  before  touching 
the  propeller.  With  care,  and  provided  that  the  engine  is  kept 
in  good  condition,  this  method  is  quite  satisfactory  for  starting 
up  stationary  engines  of  up  to  100  h.p.  and  rotaries  of  considerably 
higher  power.  The  swinging  of  a  rotary  engine  is  easier  owing  to 
the  fly-wheel  effect  due  to  the  weight  of  the  engine. 

The  main  causes  of  difficulty  in  starting  an  engine  are : 
cold  weather,  which  prevents  the  petrol  from  gasifying  readily, 
and  a  weak  or  dirty  magneto,  to  which  may  be  added  dirty  plugs, 
and  sticky  or  congealed  oil  on  the  cylinder  walls.  The  first 
and  last  of  these  causes  are  commonly  overcome  by  "  doping  "  or 
injecting  petrol  into  the  cylinders.  The  importance  of  cleanliness 
of  the  magnetos  and  plugs  is  readily  understood  when  one  con- 
siders how  slowly  the  propeller  is  pulled  over,  and  consequently 
how  slowly  the  magneto  rotates.  In  this  respect  the  advantage 
of  an  accumulator  type  of  ignition  which  produces  a  good  spark, 
however  slow  the  speed  of  rotation,  is  obvious. 

As  engines  increased  in  size,  the  earlier  method  of  starting 
became  impossible,  and  various  devices  were  introduced.  The 
starting  magneto  was  one  of  the  first.  It  was  found  that  with  a 
suitable  pilot  jet  carburettor,  good  gas  could  be  sucked  in  at  the 
lowest  speeds.  The  starting  magneto,  which  is  rotated  by  hand 
and  which  produces  a  continuous  series  of  sparks,  was  introduced 
to  supplement  the  engine  magnetos.  Its  lead  is  connected  to  the 
high  tension  circuit  of  the  magneto  at  some  point  between  the 
armature  and  the  distributor.  To  start  the  engine  the  propeller 
is  first  rotated  by  hand  until  the  cylinders  are  charged  with  gas. 
It  is  then  turned  to  a  position  such  that  one  of  the  cylinders  is 
near  to  its  firing  point.  Both  the  main  and  starting  switches  are 
then  put  on  and  the  starting  magneto  is  turned  by  hand.  Owing 
to  the  manner  in  which  the  lead  from  the  starting  magneto  is 
connected  to  the  main  magneto,  the  distributor  directs  the  sparks 
to  the  cylinder  which  is  on  or  near  to  firing  position.  Once  the 
engine  has  commenced  to  fire  its  speed  is  sufficient  to  ensure  that 
the  main  magneto  carries  on.  The  piston  need  not  be  exactly 
on  the  firing  point  owing  to  the  fairly  large  area  of  the  contacts 
of  the  distributor. 
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The  next  step,  though  a  somewhat  crude  one,  is  eminently 
satisfactory  in  service.  It  consists  of  a  starting  dope  pump. 
A  special  hand  petrol  pump  of  small  capacity  is  fitted  in  the  pilot's 
cockpit.  The  delivery  pipe  of  this  pump  is  directed  to  the  inlet 
manifolds  at  points  near  the  inlet  valves.  The  use  of  the  pump 
enables  a  predetermined  amount  of  petrol  to  be  delivered  to  the 
cylinders  during  the  sucking-in  process.  The  pump  really  takes 
the  place  of  promiscuous  doping  by  hand.  The  latter  is  often  a 
complicated  job,  and,  owing  to  the  lavish  manner  in  which  it  is  of  ten 
performed,  may  have  injurious  effects  on  cylinder  lubrication. 

The  aforegoing  methods  of  starting  all  demand  that  the 
propeller  be  rotated  by  hand.  In  airships  or  machines  such  as 
seaplanes  this  is  often  impossible.  The  size  of  some  of  the 
high-powered  engines  recently  introduced  makes  it  an  impossi- 
bility from  a  physical  point  of  view  in  their  case  also,  especially 
if  the  propeller  be  geared  down.  In  these  instances  more  compli- 
cated devices  are  necessary. 

The  compressed  air  starter  provides  a  method  of  starting 
an  engine  by  means  of  highly  compressed  air  which  is  carried  in 
a  gas  cylinder.  The  high  pressure  air  is  carried  to  a  special 
distribution  valve  usually  driven  from  the  half-time  shaft.  Leads 
from  this  valve  distribute  the  high  pressure  air  to  the  cylinders 
through  small  non-return  valves  when  the  pistons  are  near  the 
top  of  their  working  strokes.  The  air  expands  in  the  cylinders, 
thus  rotating  the  engine.  As  the  engine  rotates,  it  sucks  in  gas 
from  the  carburettor  and  starts  up,  whereupon  the  compressed 
air  supply  is  turned  off. 

Another  form  of  starter  suitable  for  large  engines  employs 
a  special  vaporiser  and  hand  pump  for  supplying  a  suitable 
mixture  to  the  cylinders.  A  special  mechanism  is  provided 
whereby  all  the  valves  may  be  slightly  opened.  Air  is  then 
pumped  through  the  vaporiser  by  hand.  Whilst  passing  through 
the  vaporiser  it  becomes  highly  charged  with  petrol  vapour.  It 
then  enters  the  inlet  manifolds  and  from  thence  the  cylinders. 
When  sufficient  gas  has  been  pumped  through  to  ensure  that  all 
the  air  in  the  cylinders  has  been  expelled,  and  that  they  are  com- 
pletely charged  with  gas,  the  valves  are  all  dropped  on  their 
seats.  The  engine  is  then  started  by  means  of  a  hand-operated 
starting  magneto  as  already  described. 
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When  an  engine  has  been  started,  it  is  always  run  up  and 
tested  to  ensure  its  proper  working  before  the  machine  is  taken 
off.  This  running-up  process  is  exceedingly  important.  Its 
primary  object  is  the  testing  of  the  engine.  Its  secondary  object, 
no  less  important,  is  to  ensure  that  the  water  and  oil  systems  are 
working  properly  before  the  machine  is  taken  into  the  air.  Before 
an  engine  is  opened  up  for  test  or  put  upon  full  load  by  being 
taken  off  it  is  absolutely  essential  that  it  should  be  properly 
warmed  up  and  that  oil  should  be  circulating  to  all  parts.  Many 
accidents  have  resulted  from  the  skimping  of  this  process.  A 
water-cooled  engine  may  only  require  to  be  warmed  up  for  a 
minute  or  so  in  the  summer,  but  as  much  as  twenty  minutes 
may  be  necessary  for  warming  up  the  same  engine  in  the  winter. 
During  the  running-up  period  the  engine  should  be  run  as  slowly 
as  it  will  run  sweetly  without  misfiring  or  jarring.  The  water 
temperature  should  rise  to  about  65°  or  70°  C.  If  it  gets  too  high 
there  is  danger  of  its  boiling  when  taking  off.  The  most  im- 
portant point,  and  one  that  is  sometimes  lost  sight  of,  is  that 
the  running  up  must  continue  until  it  is  certain  that  the  oil  is 
circulating  to  all  the  bearings.  The  oil-distributing  system  con- 
sists of  a  comparatively  long  length  of  pipes  and  passages  of  small 
bore,  some  of  them  much  longer  than  others.  Cold  engine  oil  is 
not  at  any  time  easily  forced  through  a  small  pipe.  In  cold 
weather  it  is  particularly  viscous.  As  the  engine  runs  the  oil 
passing  through  it  becomes  warmed  and  thinned.  The  oilways 
in  the  engine  also  become  warmed  by  conduction.  When  first 
starting  the  oil  gauge  usually  shows  a  pressure  considerably 
above  normal.  This  is  entirely  due  to  the  viscosity  of  the  oil. 
The  oil  first  circulates  through  those  leads  which  are  shortest  and 
of  largest  bore.  In  cold  weather  it  cannot  reach  those  bearings 
served  by  long  and  complicated  leads  until  the  engine  is  very 
thoroughly  warmed.  Until  the  pilot  is  satisfied  that  every  bearing 
on  the  engine  is  getting  an  adequate  oil  supply  he  must  on  no 
account  venture  to  take  off.  It  must  be  remembered  that  the 
failure  of  any  bearing  is  almost  certain  to  cause  complete  failure 
in  the  engine.  * 

If  the  engine  is  fitted  with  a  dual  system  of  ignition,  it  should 
be  tested  separately  on  each  system  during  the  running-up  process 
in  order  to  ensure  that  both  systems  are  working  satisfactorily. 
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When  the  engine  has  been  warmed  up,  it  is  tested,  the  throttle 
being  slowly  opened  to  'ts  full  extent  and  the  revolutions  noted 
on  the  indicator.  The  note  of  the  engine  when  opened  out  also 
serves  as  a  very  good  indication  of  its  condition.  An  engine 
must  never  be  run  all  out  unnecessarily  on  the  ground.  This 
practice  has  a  very  deleterious  effect  on  both  the  engine  and  the 
machine.  It  also  overheats  the  engine  unnecessarily  before  it  is 
taken  into  the  air.  The  compression  ratio  is  too  high  for 
running  at  ground  level,  also  the  dust  raised  by  the  propeller  is 
drawn  into  the  engine.  When  testing  the  engine  the  control 
lever  must  always  be  held  fully  back  in  order  to  keep  the  tail  of  the 
machine  on  the  ground.  Triangular  wooden  chocks  are  placed 
against  the  wheels  of  the  machine  in  order  to  prevent  it  from 
moving  forward. 

The  general  handling  of  the  engine  in  the  air  and  whilst  taking 
off  demands  chiefly  a  certain  amount  of  sympathy  on  the  part  of 
the  pilot.  He  must  be  quick  to  note  any  change  in  its  running 
and  quick  to  diagnose  the  cause.  If  the  engine  shows  signs  of 
serious  trouble  he  should  usually  land  before  he  is  compelled  to  do 
so.  The  engine  if  running  very  roughly  is  probably  doing  itself 
considerable  harm.  Moreover,  it  may  suddenly  cut  out,  forcing 
him  to  land  at  some  particularly  unpropitious  moment.  Station- 
ary engines  must  never  be  controlled  by  switching  the  ignition 
off  and  on.  Rotaries  must  be  controlled  on  the  petrol 
adjustment  and  not  in  the  switch.  In  the  case  of  rotaries  the 
danger  of  switching  on  and  off  is  not  mechanical,  but  is  due  to 
their  liability  to  catch  fire  owing  to  the  ignition  of  petrol  which 
accumulates  during  the  period  when  they  are  switched  off. 

The  throttle  control  of  all  engines  must  be  operated  slowly 
since  sudden  opening  chokes  the  engine  and  may  even  stop  it 
altogether.  This  is  readily  understood  when  it  is  remembered 
that  for  every  speed  of  the  engine  there  is  a  definite  throttle 
position.  If  when  the  engine  is  running  at  800  r.p.m.,  the  car- 
burettor is  suddenly  set  to  the  1500  r.p,m.  position,  the  engine 
cannot  be  expected  to  adapt  itself.  This  point  is  of  extreme  im- 
portance when  getting  off  the  ground  as  the  results  of  choking 
the  engine  at  this  juncture  may  be  serious. 

The  altitude  control  must  be  used  with  care.  An  excessively 
weak  mixture  may  do  considerable  harm  to  the  engine.  The 
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reason  for  this  is  that 'when  the  air  supply  is  excessive  the  oxygen 
is  not  entirely  used  in  the  combustion  and  the  exhaust  gases  con- 
tain an  appreciable  amount  of  free  oxygen.  This  oxygen  passing 
over  the  exhaust  valves,  which  are  frequently  red  hot,  causes  them 
to  oxidise  (i.e.  burn)  very  rapidly. 

When  a  machine  comes  down  from  a  considerable  height  in 
cold  weather  precautions  must  be  taken  to  ensure  that  the 
radiator  does  not  become*  frozen  up.  The  blinds  by  which  its 
effective  area  is  controlled  must  be  closed  and  if  necessary  the 
engine  run  lightly. 

A  large  engine  should  always  be  stopped  finally  by  turning 
off  the  petrol  and  not  by  switching  off.  If  it  is  switched  off 
certain  cylinders  will  usually  continue  to  fire  irregularly  owing  to 
heated  carbon  or  plug  points.  These  irregular  explosions  will 
cause  considerable  stresses  in  the  crankshaft  and  also  in  the 
engine  bearer  bracings  of  the  machine. 


CHAPTER   XVIII 
ENGINE  FAULTS 

THE  power  of  being  able  correctly  to  diagnose  the  cause 
of  engine  trouble  is  extremely  valuable  to  the  pilot. 
The  most  practised  engine  expert  is  not  always  able 
to  say  from  symptoms  noted  when  in  the  air  exactly  what  any 
particular  trouble  is.  His  experience  will,  however,  enable 
him  so  to  localise  the  cause  as  to  render  it  comparatively  easy 
lor  him  to  fix  it  absolutely  by  subsequent  ground  examination. 
It  may  here  be  remarked  that  real  experts  are  not  frequently 
met  with.  They  appear  to  possess  some  instinct  absent  in  the 
average  man.  The  ordinary  pilot  must  not,  however,  be  deterred 
on  this  account  from  exercising  such  faculties  as  he  may  have. 
It  is  the  sense  of  hearing  that  plays  the  greatest  part  in  the 
art  of  diagnosing  engine  faults. 

To  diagnose  the  cause  of  faulty  running  calls  for  a  very 
intimate  knowledge  of  the  engine,  its  components  and  acces- 
sories, and  a  thorough  understanding  of  their  various  functions, 
A  great  deal  is  to  be  learned  from  the  recorded  experience  of 
others  both  as  to  the  usual  causes  of  faulty  running  and  as  to 
the  particular  conditions  to  which  they  give  rise.  Whenever 
trouble  is  experienced  the  pilot  must  attempt  to  decide  its 
cause,  and  he  should  subsequently  confirm  his  diagnosis,  ascer- 
taining the  true  cause  of  the  trouble  should  he  have  been  wrong. 
The  next  time  he  encounters  the  same  trouble  he  will  then 
recognise  its  cause  immediately.  Every  correct  diagnosis  makes 
him  more  capable  and  gives  him  self-confidence.  The  responsi- 
bility of  the  pilot  should  not  end  with  the  discovery  of  the  fault. 
He  should  find  out  how  it  arose  and  also  take  the  necessary 
steps  to  prevent  its  recurrence.  When  an  engine  is  overhauled 
it  is  not  sufficient  simply  to  replace  defective  parts.  The  defects 
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should  be  traced  to  their  origin  and  such  measures  as  are 
practicable  taken  to  prevent  their  recurrence.  It  is,  however, 
proposed  in  this  chapter  only  to  discuss  the  diagnosis  of  such 
faults  as  may  be  met  with  during  the  running  of  the 
engine. 

The  engine  instruments  very  often  fix  the  cause  of  bad 
running.  The  habit  of  checking  their  readings  periodically 
should  therefore  be  cultivated.  When  any  fault  in  the  running 
is  suspected  the  first  action  of  the  pilot  should  always  be  to 
examine  his  instruments,  also  all  the  engine  control  levers, 
switches,  etc.  Faulty  running  is  not  infrequently  the  result 
of  the  alteration  of  some  control,  tap,  or  switch,  due  to  vibration 
or  some  accidental  movement  on  the  part  of  the  pilot.  Much 
information  is  often  to  be  obtained  by  testing  the  controls, 
especially  where  duplicate  systems  of  ignition,  petrol  supply, 
etc.,  exist.  For  example,  where  dual  ignition  is  fitted  the 
failure  of  one  system  would  probably  only  cause  a  certain 
roughness  in  the  running.  Any  failure  in  either  system  would 
immediately  be  made  evident  by  testing  them  independently 
on  their  main  switches.  Similarly  failure  in  a  particular  petrol 
purnp  is  confirmed  by  satisfactory  running  on  a  second  pump 
or  on  the  gravity  tank.  Whatever  the  fault  the  pilot  should 
always  apply  ail  the  tests  at  his  disposal  in  order  to  diagnose 
it  as  accurately  as  possible.  In  this  way  he  may  save  his 
mechanics  a  considerable  amount  of  unnecessary  work. 

Very  similar  irregularity  of  running  may  be  produced  by  a 
variety  of  causes.  The  question  can  be  discussed  from  the 
point  of  view  of  cause  or  from  that  of  effect.  It  is  proposed 
here  to  examine  it  from  the  latter  standpoint  since  this  is  the 
way  in  which  it  usually  presents  itself  to  the  pilot.  The 
commoner  conditions  met  with  are  considered  together  with 
the  various  faults  which  may  cause  them. 

Before  setting  out  to  examine  the  problem  in  this  way,  its 
other  side  may  be  briefly  touched  upon.  The  causes  may  be 
grouped  together.  Work  done  on  the  engine  when  in  the  sheds 
must  be  undertaken  on  this  system.  When  some  particularly 
mystifying  trouble  is  encountered  it  is  often  helpful  to  split  up 
the  possible  causes  into  groups  with  a  view  to  arriving  at  the 
actual  cause  by  a  process  of  elimination.  Headings  under 
10 
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which  causes  may  conveniently  be  grouped  are  as  follows  : 
the  engine  services — which  include  the  petrol  and  other  systems, 
the  ignition  system,  the  carburettors  and  induction  pipes,  the 
water  circulating  system,  the  oil  pumps  piping  and  tanks,  and 
finally  mechanical  breakage.  * 

Fortunately  an  engine  rarely  stops  suddenly  and  completely 
in  the  air.  When  this  does  occur  the  commonest  cause  is  failure 
of  the  petrol  supply  owing  either  to  all  the  tanks  being  exhausted, 
in  which  case  the  pilot  is  probably  anticipating  the  event,  or 
to  the  fact  that  one  tank  has  been  run  dry  and  another  not 
turned  on.  It  may  also  occur  owing  to  the  breakage  of  a  pipe, 
or  failure  of  the  supply  pump.  Engine  stoppage  due  to  lack  of 
petrol  is  almost  always  marked  by  popping  back  in  the  car- 
burettors followed  by  complete  silence.  If  the  stoppage  is 
absolutely  sudden,  and  not  accompanied  by  any  carburettor 
popping,  but  perhaps  by  a  few  isolated  kicks,  it  is  probably  due 
to  failure  of  the  ignition  system.  A  not  uncommon  cause  of 
this  latter  form  of  failure  is  the  accidental  knocking  off  of  the 
switch  by  the  pilot.  The  engine  may  fail  entirely  as  the  result 
of  a  seizure  or  serious  mechanical  breakdown.  In  the  latter 
case  the  cause  will  most  certainly  be  heard.  When  the  failure 
is  due  to  seizure  the  pilot  has  usually  been  forewarned  by  previous 
erratic  behaviour  on  the  part  of  the  engine.  Seizure  is  nearly 
always  the  result  of  either  water  or  oil  failure.  Any  form  of 
engine  trouble  which,  despite  nursing  on  the  part  of  the  pilot, 
continues  to  increase  usually  culminates  in  sudden  and  complete 
failure. 

An  engine  frequently  develops  roughness  in  its  running. 
This  is  a  particularly  difficult  form  of  trouble  to  account  for 
with  certainty.  The  condition  may  arise  suddenly  or  gradually. 
It  may  remain  constant  or  show  a  tendency  to  increase.  If  it 
occurs  suddenly  and  does  not  appear  to  increase  it  is  probably 
the  result  of  a  cylinder  misfiring.  This  may  be  confirmed  by 
an  unevenness  in  the  note  of  the  exhaust. 

Steady  misfiring  in  one  cylinder  may  arise  from  two  main 
causes — faulty  ignition  or  a  minor  mechanical  breakdown. 
In  the  former  case  either  a  high  tension  lead  has  come  off  or 
become  defective,  or  the  plug  itself  has  failed.  A  plug  may 
fail  by  oiling  or  sooting  up,  by  burning,  by  breakdown  of  its 
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insulation,  or  by]  being  blown  out.  The  last  cause  is  usually 
made  apparent  by  the  whistling  sound  made  by  the  escaping 
gases.  The  mechanical  cause  of  steady  misfiring  is  usually  the 
failure  of  either  a  valve  or  its  operating  gear.  This  may  take 
the  form  of  a  broken  valve  tappet  or  rocker,  a  warped  or  broken 
valve,  or  a  broken  valve  spring.  These  cause  the  valve  to  remain 
permanently  either  open  or  closed,  cutting  the  cylinder  out  of 
action  in  either  case. 

General  and  uneven  roughness,  which  cannot  be  assigned  to 
the  complete  failure  of  one  or  more  cylinders,  may  arise  from  a 
variety  of  causes.  It  may  take  the  form  of,  or  increase  to,  a 
violent  vibration  which  may  necessitate  immediate  landing. 
It  may  vary  periodically  or  otherwise  in  intensity.  These  facts 
usually  give  some  clue  to  its  origin.  One  of  the  commonest 
causes  is  a  dirty  distributor.  This  causes  the  sparks  at  the 
plugs  to  be  weak.  No  actual  misfiring  may  result,  but  the 
cylinders  do  not  work  evenly,  and  a  general  roughness  and  loss 
of  power  ensues.  In  this  case  the  roughness  has  a  slight  tendency 
to  increase.  This  trouble  is  chiefly  met  with  when  the  magnetos 
are  fitted  with  carbon  brushes  which  actually  touch  the  dis- 
tributor contacts.  An  engine  will  sometimes  run  very  roughly 
for  a  moment  or  two  and  then  pick  up  again.  This  is  usually 
the  result  of  the  sticking  of  a  contact  breaker  arm.  A  some- 
what similar  condition  may  arise  as  a  result  of  starving  of  the 
petrol  supply  due  either  to  a  constricted  pipe  or  failure  of 
pressure.  In  this  case  it  may  be  marked  by  a  certain  amount 
of  popping  at  the  carburettors.  If  the  petrol  supply  is  con- 
tinuous but  insufficient  the  engine  may  tend  to  "  hunt/'  i.e. 
suffer  from  periodic  fluctuations  of  power  or  roughness.  The 
insufficiency  of  the  petrol  supply  can  be  confirmed  by  testing 
the  throttle  valve.  The  engine  will  probably  be  found  to  run 
quite  satisfactorily  on,  say,  half  throttle. 

A  general  and  even  roughness  may  be  caused  by  maladjust- 
ment of  the  valve  clearances.  Over-oiling  may  result  in  the 
oiling  up  of  plugs  and  may  cause  constant  or  intermittent  mis- 
firing. A  mixture  that  is  either  too  rich  or  too  weak  will  cause 
the  engine  to  run  roughly,  Some  indication  as  to  causes  of  this 
nature  may  be  obtained  by  observing  the  exhaust.  Black 
smoke  always  indicates  too  rich  a  mixture.  The  commonest 
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cause  of  too  rich  a  mixture  is  a  punctured  carburettor  float. 
The  amount  of  blue  smoke  indicates  the  quantity  of  oil  that  is 
being  burned  in  the  cylinders.  Little  puffs  of  blue  smoke  from 
one  exhaust  pipe  would,  for  example,  suggest  that  a  cylinder 
served  by  that  manifold  is  missing  intermittently,  the  accumu- 
lated oil  of  several  strokes  being  burned  by  one  explosion. 
Violent  roughness  occurring  suddenly  may  result  from  the  failure 
of  a  portion  of  the  cylinders  due  to  one  of  the  several  carburettors 
or  magnetos  which  may  serve  the  engine  becoming  defective. 
The  breaking  of  an  inlet  valve  generally  causes  violent  roughness 
since  the  supply  of  gas  to  the  other  cylinders  served  by  the  same 
manifold  is  seriously  interfered  with. 

Popping  back  in  the  carburettors  is  always  indicative  of  too 
weak  a  mixture.  This  may  be  due  to  an  insufficient  supply, 
choked  jets  or  niters,  or  a  serious  air  leak  in  the  induction  system. 
Water  in  the  carburettor  has  a  similar  result.  Water  in  the  jets 
can  often  be  cleared  by  diving  with  the  engine  on  and  the  throttle 
part  opened.  This  induces  a  considerable  suction  in  the  choke. 

An  engine  that  is  allowed  to  get  too  hot  usually  runs  roughly. 
Overheating  may  be  caused  by  too  weak  or  too  strong  a  mixture. 
It  is  most  often  due,  however,  to  oiling  or  water  trouble.  An 
engine  with  high  compression  designed  to  fly  at  a  considerable 
altitude  tends  to  overheat  when  flown  low  down.  Causes  of 
overheating  originating  in  the  water  system  are :  breakdown 
of  the  pump,  loss  of  water  due  to  leakage,  stoppage  of  pipes 
due  to  accumulation  of  dirt  or  sludge,  or  an  insufficient  supply 
of  water.  A  further  possible  cause  is  the  insufficiency  of  the 
radiator  area  for  the  conditions  in  which  the  machine  is  flying, 
If  the  machine  is  climbed  too  hard,  and  at  too  slow  a  speed, 
the  draught  through  the  radiator  will  not  suffice  to  dissipate 
the  heat.  The  remedy  is  to  increase  the  speed  and  to  reduce 
the  rate  of  climb.  If  the  trouble  lies  with  the  oil  this  should 
be  indicated  by  the  oil  gauge. 

Overheating  usually  leads  to  pre-ignition,  which  is  the 
ignition  of  the  gas  before  its  proper  time  by  incandescent  carbon 
or  heated  plug  points.  Engines  when  nearing  their  time  for  de- 
carbonisation  are  particularly  prone  to  this  form  of  trouble. 
Pre-ignition  usually  confines  itself  to  one  or  two  cylinders.  It 
may  cause  very  serious  vibration.  Local  overheating  of  a 
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particular  cylinder  will  probably  cause  pre-ignition  in  that 
cylinder.  The  overheating  may  also  arise  from  a  local  air  leak 
or  from  mechanical  friction. 

Mechanical  noises  such  as  metallic  knocking  or  thumping 
usually  indicate  some  form  of  mechanical  trouble  ;  they  may, 
however,  also  be  caused  by  serious  pre-ignition.  A  continuous 
knock  indicates  the  slackness  of  a  bearing  or  piston.  A  loose 
propeller  may  cause  like  sounds.  A  heavy  thumping  may  be 
due  to  looseness  of  the  engine  in  its  bearers  or  looseness  of  the 
bearers  themselves.  This  fault  is  usually  made  apparent  by 
the  bodily  movement  of  the  engine.  A  damaged  propeller,  owing 
to  its  lack  of  balance,  also  causes  knocking  or  vibration.  The 
correct  diagnosis  of  the  cause  of  knocks  and  metallic  noises  calls 
for  a  good  deal  of  experience. 

Any  faulty  running  leads  to  loss  of  power.  At  times,  how- 
ever, engines  will  be  met  with  which,  whilst  not  showing  any 
active  signs  of  faulty  running,  do  not  give  the  power  and  revolu- 
tions that  are  to  be  expected  of  them.  They  may  also  somewhat 
mysteriously  lose  power  in  course  of  service.  There  are  a  variety 
of  possible  causes  for  this.  In  the  case  of  engines  which  have 
more  than  one  carburettor  or  magneto  it  is  not  uncommon  to 
find  that  their  various  controls  have  not  been  properly  adjusted 
and  synchronised.  The  carburettor  serving  one  bank  of 
cylinders  may  only  open  to  f ,  whilst  the  other  is  opening  fully. 
The  timing  on  the  magnetos  may  differ,  as  may  also  the  relative 
movement  of  their  controls.  In  connection  with  the  timing  of 
the  magnetos  it  should  be  noted  that  the  effect  of  an  excessive 
gap  between  the  contact  breaker  points  is  to  retard  the  spark. 
An  obstruction  in  the  petrol  system  may  restrict  the  petrol  feed 
to  one  of  the  carburettors.  Dirty  distributors  may  cause  a  loss 
of  power  unaccompanied  by  any  active  misfiring  or  vibration. 
An  insufficient  oil  supply  also  causes  a  loss  of  power,  though  this 
is  usually  accompanied  by  overheating.  If  the  oil  is  either  too 
hot  or  too  cold  this  may  affect  the  power  considerably.  Again, 
a  very  marked  loss  in  power  results  from  the  use  of  inferior 
petrol.  If  during  assembly  of  the  engine  the  valves  of  one 
bank  or  all  the  cylinders  have  been  incorrectly  timed  the  effect 
on  the  engine  will  be  very  great.  An  engine  nearing  the  time 
when  it  should  be  decarbonised  always  loses  power.  Losses 
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developing  during  the  running  of  an  engine  must  be  traceable 
to  some  cause  which  has  arisen  since  the  last  occasion  when  it 
was  running  satisfactorily.  This  remark  may  appear  somewhat 
obvious  ;  much  valuable  time  is,  however,  often  wasted  by 
thoughtlessness  and  the  investigation  of  remote  and  unlikely 
possibilities.  In  all  engine  work  a  little  time  spent  thinking 
over  the  problem  before  starting  to  pull  the  engine  to  pieces 
often  saves  a  great  deal  of  unnecessary  labour. 

The  only  way  to  ensure  against  engine  trouble  is  to  see  that 
engines  are  systematically  cleaned,  examined,  and  adjusted  after 
every  few  hours'  running.  An  engine  that  is  running  badly  will 
very  quickly  wear  itself  out,  and  any  work  which  prevents  this 
is  an  economy.  The  possible  expense  which  may  attend  the 
complete  failure  of  an  engine  requires  no  comment.  It  has 
already  been  pointed  out  that,  given  skilful  piloting,  nine 
accidents  out  of  ten  are  the  result  of  engine  trouble.  It  may  now 
be  added  that  nine  engine  failures  out  of  ten  result  from  in- 
adequate or  insufficiently  skilled  attention. 


PLATE  X 


MARTI NSYDE  SCOUT-  ROLLS   ROYCE  ENGINE 


AIRCO   1  A  (1910)  BEARDMORE  120   HORSE-POWER   ENGINE 


CHAPTER  XIX 
THE  CARE  OF  ENGINES 

THE  satisfactory  running  of  an  engine  depends  to  a  great 
extent  upon  the  care  with  which  it  is  tended  whilst  on  the 
ground.  After  every  few  hours'  running  time  it  must  be 
gone  over  and  cleaned,  and  any  necessary  adjustments  must  be 
made.  Periodically  it  must  be  more  thoroughly  cleaned  and 
examined.  After  a  certain  number  of  hours  (these  varying  with 
the  type  of  engine)  the  cylinders  must  be  removed  and  de- 
carbonised. This  last  operation  provides  occasion  for  a  certain 
amount  of  internal  examination.  If  wear  is  apparent  the  engine 
should  be  completely  stripped,  the  bearings  adjusted,  and  any 
worn  parts  replaced.  There  are  three  essential  factors  necessary 
to  ensure  good  engine  work,  namely,  conscientious  workman- 
ship, cleanliness,  and  method.  A  special  system  embodying  the 
jobs  to  be  done  and  the  order  of  doing  them  should  always  be 
adhered  to.  This  system  must  be  specially  adapted  to  the 
particular  class  of  engine  and  must  be  developed  from  an  inti- 
mate knowledge  of  its  peculiar  requirements.  If  work  is  done  in 
a  haphazard  manner  certain  jobs  will  inevitably  be  forgotten  or 
perhaps  left  only  half  done. 

It  must  always  be  remembered  that  the  aero-engine  is  built 
on  the  principle  of  power  for  weight.  It  runs  the  bulk  of  its  time 
at  full  load,  and  during  this  time  each  component  part  of  it  is 
loaded  up  to  its  safe  limit.  It  is  only  to  be  expected  that  an 
engine  working  under  these  conditions  will  require  considerably 
more  attention  than  the  engine  of  a  car.  If  the  engine  has  a 
sufficient  margin  of  power  to  render  it  possible  for  it  to  work 
normally  at,  say,  two-thirds  of  its  full  output  it  will  be  found  to 
require  considerably  less  attention  in  service  and  to  run  for  much 
longer  periods  between  overhauls. 
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The  particular  work  necessary  to  keep  the  engine  efficient 
varies  with  different  types  of  engines.  On  one  engine  the  plugs 
will  require  special  attention  owing  to  their  position  in  the 
cylinders.  On  another  the  design  of  the  valve  operating  gear 
may  be  such  that  the  valve  tappet  clearances  need  frequent 
adjustment.  Again  another  may  have  the  habit  of  developing 
induction  leaks  at  certain  points.  The  following  remarks  must 
therefore  be  taken  as  applying  generally,  though  perhaps  they 
apply  more  particularly  to  the  stationary  class. 

The  keeping  of  log  books  showing  all  work  done  on  an 
aero-engine  is  now  obligatory.  The  log  should  be  entered 
immediately  the  job  is  completed.  It  is  a  very  sound  scheme 
for  the  workman  doing  the  job  to  sign  either  the  log  or  a  rough 
copy  of  it ;  this  brings  home  to  him  a  sense  of  his  responsi- 
bilities, besides  making  it  possible  to  trace  the  author  of  any 
particular  work  later  if  necessary.  Petrol  and  oil  and  water 
consumption  is  also  recorded  in  the  log  book.  The  figures  in 
this  record  often  indicate  troubles  which  would  not  otherwise 
be  very  apparent. 

The  following  procedure  should  govern  the  work  that  is 
done  on  an  engine  after  every  three  or  four  hours'  flying.  Whilst 
the  engine  is  still  warm  the  valve  tappet  clearances  should  be 
checked.  The  propeller  should  then  be  slowly  and  steadily 
turned,  which  proceeding  may  give  much  information  to  the 
experienced  mechanic.  The  force  required  to  turn  it  indicates 
the  condition  of  the  compression,  and  if  any  cylinder  is  faulty 
it  will  now  be  detected.  Whilst  the  propeller  is  being  turned, 
any  untoward  sounds  should  be  carefully  noted.  If  a  valve  is 
seriously  burned  or  sticking  it  may  be  heard  to  blow.  Dry 
valve  stems  or  mechanism  will  squeak.  Gearing  that  is  wearing 
severely  may  grind.  This  pulling  round  of  the  propeller  is 
in  fact  the  most  comprehensive  test  that  the  mechanic  can  apply 
to  the  engine.  On  most 'engines  it  is  desirable  to  clean  the 
plugs  after  every  few  hours'  flying.  An  excellent  arrangement 
is  to  keep  two  sets ;  the  spare  set  may  then  be  cleaned  when 
convenient.  Spare  plugs  should  be  kept  in  a  warm,  dry  place. 
When  the  plugs  are  out  the  compression  may  conveniently  be 
tested  further.  The  compression  being  released,  the  propeller 
can  be  swung  round  with  comparative  ease.  One  man  should 
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swing  the  propeller  whilst  another  applies  his  thumb  to  each 
plug  orifice  in  turn.  The  force  with  which  the  thumb  is  blown 
off  the  plug  hole  forms  quite  an  accurate  test  of  the  compression  of 
the  particular  cylinder.  The  distributor  should  be  removed 
and  if  necessary  cleaned.  Emery  cloth  should  never  be  used 
for  this  purpose.  It  wears  the  materials  unduly  and  differently 
according  to  their  hardness.  Metal  polish  applied  with  a  soft 
rag  should  be  used.  All  piping  and  joints  should  be  super- 
ficially examined.  If  accumulators  are  used  the  voltage  of  these 
should  be  tested.  The  carburettor  jets  and  filters  should  be 
removed  and  cleaned  in  petrol.  If  signs  of  water  are  found 
the  system  should  be  cleaned  more  thoroughly.  The  main  oil 
filter  should  be  examined  and  if  necessary  cleaned  with  paraffin. 
The  engine  should  be  cleaned  down  generally,  and  any  oil  that 
may  have  escaped  should  be  wiped  off.  This  cleaning  should 
include  the  bearers,  cowling,  etc. 

With  regard  to  the  filling  up  with  petrol,  oil,  and  water  a 
very  sound  rule  is  always  to  complete  this  job  before  the  machine 
is  run  into  the  shed.  This  practice  precludes  the  possibility 
of  the  filling  being  forgotten  if  the  machine  is  subsequently 
required  in  a  hurry.  It  also  reduces  fire  risks  due  to  handling 
the  petrol  inside  the  sheds. 

Each  job  done  on  an  engine  must  always  be  finished  in 
every  detail  before  being  left  or  before  another  piece  of  work 
is  begun.  It  is  the  neglect  of  this  rule  that  makes  it  possible 
for  a  machine  to  take  off  with  some  of  the  plugs  not  screwed 
properly  home,  the  distributor  cover  not  locked,  or  with  the 
results  of  some  similar  negligence  which  may  have  serious 
consequences. 

Periodically  the  engine  should  be  more  thoroughly  examined 
and  cleaned.  The  time  which  may  safely  elapse  between  these 
more  thorough  inspections  will  vary  considerably  with  the  type 
of  engine  and  the  service  on  which  it  is  employed.  With  a 
good  water-cooled  stationary  engine  they  are  usually  necessary 
after  every  15  to  25  running  hours.  At  these  more  systematic 
examinations  all  the  work  already  detailed  should  be  gone  over 
only  somewhat  more  thoroughly.  All  the  engine  control  gear 
should  be  examined  and  oiled,  and  particular  attention  should 
be  paid  to  all  nuts,  split  pins,  and  other  locking  devices.  All 
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the  oil  and  petrol  filters  should  be  removed  and  thoroughly 
cleaned.  The  whole  of  the  oil  should  be  drained  off  and  all 
the  oilways  flushed  with  paraffin,  a  powerful  syringe  being  used. 
For  engines  using  castor  oil  methylated  spirit  is  more  satisfactory 
than  paraffin.  The  condition  of  the  oil  removed  and  the  sedi- 
ment found  in  the  filters  often  furnish  indications  of  the 
internal  condition  of  the  engine.  If  the  engine  is  badly  car- 
bonised the  oil  will  be  blackish  and  will  probably  contain 
particles  of  carbon.  The  presence  of  any  metallic  sediment 
usually  indicates  that  excessive  wear  or  partial  seizure  is  taking 
place  somewhere,  and  whenever  it  is  found  steps  should  be  taken 
to  locate  the  trouble.  In  the  case  of  new  engines  it  is  not 
uncommon  to  find  chips  of  metal  in  the  oil  filters.  This  is  usually 
due  to  the  incomplete  cleaning  of  the  oilways.  Before  the  oil 
is  put  in  again  some  should  be  squirted  through  the  oilways  to 
clear  any  accumulations  of  paraffin  which  may  remain.  All 
engine  bearer  bolts,  propeller  boss  fixing  bolts,  and  any  other 
parts  that  may  work  slack  should  be  particularly  examined. 
If  a  sump  and  drain  is  provided  at  the  bottom  of  the  petrol 
tanks  a  small  amount  of  petrol  should  be  drawn  off,  as  any  dirt 
or  water  will  settle  to  this  point. 

The  cleaning  of  tanks  often  furnishes  rather  surprising 
information  as  to  the  amount  of  dirt  carried  into  the  systems 
by  petrol  and  oil.  At  all  times  every  possible  precaution  must 
be  taken  to  prevent  this.  Petrol  must  always  be  passed  through 
chamois  leather  to  prevent  the  ingress  of  dust  or  water.  The 
leather  should  be  examined  periodically  for  pin  holes.  Oil 
should  be  passed  through  a  gauze  of  as  fine  a  mesh  as  is  practic- 
able (usually  about  25  per  inch).  Petrol  funnels,  and  particu- 
larly oil  funnels,  when  not  in  use  must  be  kept  in  some  place 
where  they  are  protected  from  dust,  since  all  dust  which  settles 
on  them  is  necessarily  washed  into  the  tanks.  The  spouts  or 
tops  of  oil  cans  must  always  be  cleaned  before  the  oil  is  poured 
out. 

The  time  that  an  engine  should  run  until  it  requires  to  be 
decarbonised  varies  a  good  deal  with  the  type.  It  is  usually 
from  30  to  about  100  hours,  but  may  be  longer  if  the  engine 
is  generally  run  at  only  part  throttle.  Air-cooled  engines  and 
rotaries  generally  become  carbonised  more  quickly  than  a  water- 
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cooled  stationary  engine.  The  process  of  decarbonisation 
consists  of  removing  the  cylinders  and  scraping  off  all  the 
carbonaceous  deposit  which  forms  on  their  heads  and  on  the 
crowns  of  the  pistons.  The  valves  are  at  the  same  time  re- 
ground.  Whilst  the  cylinders  are  off  it  is  usually  convenient 
to  open  up  other  parts  for  examination.  The  engine  is  always 
removed  from  the  machine  for  this  work,  and  it  can  be  much 
better  done  in  the  workshop.  Even  if  it  is  possible  to  do  it  on 
the  machine,  there  is  always  a  great  risk  of  dust  getting  into 
the  crank-case  and  other  parts.  The  deposit  is  scraped  off 
with  any  convenient  tool,  the  surfaces  being  finally  cleaned 
with  emery.  The  valves  are  ground  on  to  their  seats  with 
emery  or  carborundum  powder  and  oil,  care  being  taken  not 
to  grind  away  more  metal  than  is  essential  to  secure  a  good  seat. 
Whilst  the  valves  are  stripped  their  springs  may  be  tested,  and 
any  that  have  weakened  in  service  must  be  renewed.  The 
parts  are  then  thoroughly  washed  in  paraffin  and  well  oiled  with 
engine  oil  before  reassembly.  Points  requiring  particular 
attention  are  the  insides  of  the  piston  crowns  and  the  piston 
ring  grooves.  Any  piston  rings  showing'wear  or  blackening  should 
be  renewed.  A  useful  tool  may  be  made  from  an  old  cylinder 
and  piston,  a  handle  being  fitted  on  to  the  latter.  This  is  used 
to  grind  in  any  new  piston  rings.  The  clearances  of  rings, 
pistons,  etc.,  need  not  be  discussed  here  as  information  is  always 
given  about  them  in  the  maker's  handbook  for  any  particular 
engine.  During  the  decarbonisation  overhaul  just  described 
an  odd  connecting  rod  big  end  which  is  slack  may  be  taken  up 
and  any  similar  job  done.  If,  however,  much  work  of  this  nature 
appears  to  be  necessary  the  engine  should  be  thoroughly  over- 
hauled. 

The  complete  overhaul  of  an  engine  involves  the  stripping 
of  every  part  of  it.  The  necessity  for  this  or  otherwise  is 
usually  evident  when  the  cylinders  are  taken  off  for  decarbonisa- 
tion. The  time  between  these  overhauls  varies  from  50  to 
150  hours.  The  work  should  never  be  undertaken  by  any  but 
a  really  skilled  workman.  All  bearings  are  stripped,  examined, 
and,  if  necessary,  rebedded.  All  parts  showing  wear  are 
replaced.  On  reassembly  the  engine  is  subjected  to  a  search- 
ing test  on  the  bench  ;  it  is  run  for  some  time  at  full  load  and  the 
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output  is  measured  by  some  form  of  brake.  An  old  propeller 
serves  as  a  very  satisfactory  brake.  If  the  same  one  is  always 
used  for  test  purposes  the  reading  of  the  revolution  counter 
is  a  sufficient  measure  of  the  power.  An  engine  after  complete 
overhaul  should  be  as  good  as,  if  not  even  better  than,  a  new 
one 

In  all  engine  repair  or  overhaul  work  cleanliness  and  system 
are  of  the  highest  importance.  The  work  should  be  done  in  a 
place  as  free  as  possible  from  dust.  All  parts  must  be  thoroughly 
cleaned  with  paraffin  as  soon  as  they  are  stripped,  and  must 
again  be  thoroughly  cleaned  and  oiled  before  being  reassembled. 
As  parts  are  stripped  all  nuts,  etc.,  must  be  replaced  on  their 
own  screws.  All  the  parts  of  one  engine  must  be  carefully  kept 
together.  Each  cylinder  assembly,  including  the  valves,  piston, 
connecting  rod,  etc.,  should  be  kept  in  a  separate  box.  A  clean 
and  light  workshop  is  conducive  to  good  work.  Its  equipment 
should  include  paraffin  baths  for  soaking  and  washing  parts, 
swivelling  benches  for  mounting  the  engine  in  to  work  upon, 
and  suitably  partitioned  boxes  in  which  the  various  parts  may  be 
placed  as  they  are  stripped. 

Engines,  unless  properly  cared  for,  are  apt  to  give  a  good 
deal  of  trouble  in  cold  weather.  This  arises  from  three  main 
causes :  the  freezing  of  the  water,  the  dampness  of  the  atmo- 
sphere, and  the  congealing  of  the  oil  owing  to  the  cold.  After 
a  machine  has  landed,  unless  it  is  possible  to  store  it  in  some 
warm  place,  the  water  and  oil  should  immediately  be  drained  off, 
particular  care  being  taken  that  every  vestige  of  water  is  re- 
moved. The  engine  should  then  be  covered  with  a  quilted  cover 
to  protect  it  from  all  draughts.  If  possible  heat  should  be  applied 
to  it  in  some  manner  calculated  to  keep  it  continuously  warm. 
This  may  be  done  by  means  of  special  petrol  or  electric  heaters  so 
designed  as  to  minimise  the  risk  of  fire.  The  heat,  being  retained 
by  the  cover,  keeps  the  whole  of  the  engine  warm  and  dry.  If 
this  method  is  used  and  the  oil  tanks  come  under  the  influence  of 
the  heat,  the  removal  of  the  oil  is  not  necessary.  When  the  engine 
is  to  be  started  the  radiator  is  filled  with  boiling  water,  and  the 
tanks,  if  they  have  been  emptied,  are  filled  with  hot  oil.  The 
engine  is  then  started  as  quickly  as  possible.  The  radiator, 
especially  if  exposed  to  the  wind,  freezes  very  readily.  If  any 
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undue  delay  occurs  in  starting,  more  boiling  water  should  be 
added  to  the  radiator  and  an  equivalent  amount  should  be 
drained  from  the  lowest  point  of  the  system.  The  engine  should 
be  kept  ticking  over  as  long  as  it  is  standing  in  the  open. 

If  ignition  trouble  is  experienced  when  starting,  the  fibre 
bush  on  which  the  contact  breaker  arm  works  may  be  looked  to 
as  the  most  probable  cause.  Failing  this,  the  system  generally 
may  be  damp.  The  only  certain  cure  for  the  latter  trouble  is  to 
remove  the  magnetos  and  plugs  and  dry  them  thoroughly  in  a 
warm  place. 

The  subject  of  water  and  oil  filling  and  heating  deserves 
some  comment.  The  same  water  must  be  used  continuously, 
that  is  to  say,  the  water  that  is  drained  out  of  the  engine  when 
it  comes  in  must  be  carefully  conserved  and  used  over  and  over 
again.  Every  pint  of  new  water  that  is  passed  into  an  engine 
conveys  in  with  it  a  certain  amount  of  mineral  hardness  which 
is  added  to  the  "  fur  "  accumulated  in  the  radiator  and  cylinder 
jackets.  Anti-freezing  mixtures  are  not  usually  to  be  recom- 
mended. When  draining  the  engine  particular  attention  must 
always  be  paid  to  the  pump.  A  few  drops  of  water  may  easily 
remain  in  its  casing.  These  may  freeze  the  rotor  to  the  casing. 
When  this  occurs,  if  the  propeller  be  turned  the  result  is  usually 
a  broken  pump  or  pump  drive.  For  this  reason  it  must  always 
be  made  quite  certain  that  the  pump  is  free  before  any  attempt 
is  made  to  turn  the  propeller.  Whilst  the  machine  is  standing  a 
notice  should  be  hung  on  the  propeller  forbidding  people  to  touch 
it.  .  The  main  point  of  importance  in  heating  the  oil  is  to  avoid 
burning  it.  It  should  never  be  heated  in  a  drum  over  an  open 
fire  ;  its  viscosity  prevents  it  from  circulating  freely,  with  the  re- 
sult that  parts  of  it  become  overheated  Castor  oil,  which  be- 
comes very  viscid  in  cold  weather,  may  be  thinned  before  use  by 
the  addition  of  a  little  methylated  spirit.  An  engine  usually 
requires  rather  smaller  jets  in  winter  owing  to  the  increased 
density  of  the  atmosphere.  A  thinner  grade  of  oil  may  also  be 
used.  All  exposed  water  or  oil  pipes  should  be  lagged  by  wrapping 
them  with  asbestos  string  or  other  material  of  low  conductivity. 
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CHAPTER   XX 
INSTRUMENTS 

THE  experienced  pilot  seldom  refers  to  his  instruments 
in  normal  circumstances.  He  flies  the  machine  in- 
stinctively, and  he  immediately  recognises  any  change  in 
the  running  of  the  engine  by  its  changed  note.  When,  however, 
circumstances  are  abnormal,  he  becomes  very  dependent  upon 
his  instruments.  When  flying  through  clouds,  for  instance,  the 
pilot  can  see  nothing  but  the  thick  vapours  around  him.  Placed 
thus,  the  machine  may  behave  most  erratically,  and  the  pilot 
has  no  means  other  than  the  use  of  his  instruments  whereby  he 
may  judge  of  its  position  relative  to  the  earth.  Engine  trouble 
can  often  be  diagnosed  immediately  by  reference  to  the  various 
gauges.  Again,  where  a  machine  is  being  navigated  from  place 
to  place,  the  navigator  may  be  entirely  dependent  upon  certain  of 
his  instruments  for  the  fixing  of  his  position.  Instruments  are 
necessary  to  efficiency  because  they  measure  performance  in  units 
which  are  at  once  standard  and  impersonal.  Before  it  is  possible 
to  say  that  any  mechanical  device  is  giving  the  best  possible 
results,  standard  figures  must  be  available  for  purposes  of  com- 
parison. Scientific  improvement  demands  scientific  methods, 
and  the  latter  demand  accurate 'records  of  progress  capable  of 
comparison. 

The  instruments  in  common  use  on  aircraft  are  : 

1.  The  Air  Speed  Indicator  or  "  Pitot." 

2.  The  Magnetic  Compass. 

3.  The  Engine  Revolution  Counter. 
4    The  Altimeter  or  Aneroid. 

5.  The  Cross  Level. 

6.  The  Petrol  and  Oil  Pressure  Gauges. 

7.  The  Petrol  (Quantity)  Gauge. 

8.  The  Voltmeter  and  Ammeter. 
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9.  The  Watch. 
10?  The  Turn  Indicator. 

1 1 .  The  Engine  Thermometer, 

12.  Other  Special  Purpose  Instruments. 

Of  the  above  list  Nos.  i  and  2  are  sufficiently  important  to 
deserve  more  detailed  mention  than  can  be  given  them  in  this 
chapter.  A  special  chapter  has  therefore  been  devoted  to  them. 

Every  aeroplane  does  not  of  course  carry  the  full  list  of  nstru- 
ments  detailed  above,  but  only  such  as  are  essential  to  its  proper 
control. 

The  Revolution  Counter  is  used  to  indicate  the  speed  of 
rotation  of  the  engine.  It 
is  calibrated  in  revolutions 
per  minute.  A  common  form 
of  construction  is  that  in- 
dicated in  Fig.  105.  A  shaft 
A  is  driven  by  gearing  BC 
from  the  connection  D.  To 
D  is  attached  a  flexible  shaft 
similar  to  that  used  in  the 
case  of  a  motor  speedometer. 
The  other  end  of  this  shaft  is 
connected  to  some  convenient 
rotating  part  of  the  engine, 
usually  some  part  of  the  tim- 
ing gear.  The  shaft  A  has 
pinned  to  it  a  sleeve  E  on  which  is  pivoted  (at  F)  a  heavy 
ring  G.  Sliding  on  the  shaft  is  a  second  sleeve  H,  which  is 
fitted  with  a  curved  finger  I.  The  latter  engages  a  small  roller 
J  on  the  ring.  The  body  of  the  sleeve  H  has  on  it  a  series  oT 
grooves  K  which  mesh  with  the  tee  h  of  the  pinion  L  on 
the  pivot  of  the  pointer  M.  Between  E  and  H  is  a  com- 
pression spring  N  which  tends  to  force  them  apart.  As  the  shaft 
A  rotates,  the  ring  G,  owing  to  centrifugal  force,  tends  to  assume 
a  position  at  right  angles  to  the  shaft.  This  motion  is  resisted 
by  the  action  of  the  spring.  The  faster  the  speed  rotation,  the 
greater  will  be  the  force  exerted  by  the  ring  and  the  more  the 
spring  will  be  compressed.  The  spring  is  compressed  by  the 
movement  of  the  sleeve  H.  This  movement  rotates  the  pointer 
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on  the  dial  of  the  instrument.  The  dial  may  therefore  be  cali- 
brated to  read  revolutions  per  minute  of  the  engine.  Instruments 
of  this  type  require  little  attention  and  are  comparatively  accurate. 
They  may  be  calibrated  by  comparison  with  a  standard  test  instru- 
ment. The  readings  of  any  one  instrument,  even  if  not  absolutely 
correct,  are  always  relatively  so,  which  from  the  pilot's  point  of 
view  is  the  essential.  The  only  attention  necessary  as  far 
as  the  instrument  is  concerned  is  occasional  lubrication.  Ex- 
cessive oiling  is,  however,  to  be  avoided.  After  long  use  the  instru- 
ment may  be  cleaned  internally.  If  replacements  appear  neces- 
sary it  should  be  returned  to  the  makers.  Trouble  is  sometimes 
experienced  with  the  flexible  shaft  drive.  This  usually  arises 
from  taking  it  round  too  sharp  bends.  It  must  be  kept  well 
lubricated,  which  is  easily  done  by  pouring  oil  through  the  casing. 

The  Altimeter  is 

K    — ff 2 — ca        *  a    simple    aneroid, 

the  dial  of  which 
is  graduated  in 
thousands  of  feet. 
The  pressure  of  the 
atmosphere  falls  as 
indicated  by  the 
curve  in  Fig.  139. 
The  altimeter  dial 
reads  10,000'  where 
the  aneroid  would  indicate  a  pressure  of  about  10  Ibs.  per 
square  inch  or  20"  of  mercury.  Its  cons  ruction  and  working 
may  be  followed  from  the  diagrammatic  view  in  Fig.  106. 
A  is  a  flat  circular  box  made  of  German  silver.  The  top  and 
bottom  surfaces  of  the  box  BB  are  circularly  corrugated  to 
render  them  flexible.  This  box  is  exhausted  of  all  air  and  is 
absolutely  airtight.  The  effect  of  the  external  atmospheric 
pressure  is  to  force  together  the  two  flexible  walls.  One  face 
of  the  box  is  rigidly  fixed,  as  shown,  to  the  base  C  of  the  instru- 
ment. The  force  due  to  the  external  atmospheric  pressure, 
which  tends  to  crush  the  sides  of  the  box  inwards,  is  resisted 
by  the  upward  pressure  of  the  strong  leaf  spring  G  on  the  pin  E, 
which  passes  through  a  pillar  D  mounted  on  the  other  face  of  the 
box.  The  leaf  spring  is  mounted  on  a  bridge  F,  which  is  fixed 
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to  the  base  C.  It  is  evident  then  that  as  the  machine  ascends 
and  the  external  pressure  is  reduced  the  pin  E  will  gradually 
rise.  This  movement  is  suitably  magnified  and  transmitted  to 
the  indicating  pointer  Q  which  moves  over  the  graduated  dial  R. 
The  magnification  is  due  to  the  following  mechanism.  To  G  is 
fixed  an  arm  H.  The  oscillation  of  this  arm  is  transmitted  to  a 
rocking  shaft  K,  which  is  mounted  on  the  base  of  the  instrument, 
by  the  link  I  and  the  adjustable  lever  J.  On  this  rocking  shaft 
is  mounted  the  lever  L  to  which  is  attached  a  very  light  chain  M. 
This  chain  passes  over  a  drum  N  on  the  pointer  shaft  P,  thus 
actuating  it.  The  chain  is  kept  tight  by  the  action  of  the  spiral 
hair-spring  O.  The  ratio  between  the  movements  of  the  pin  E 
and  the  pointer  may  be  varied  by  adjusting  the  screw  S  or  by 
using  the  alternative  pin  holes  shown  in  the  various  levers. 
The  altimeter  may  be  calibrated  by  comparing  its  readings  with 
those  of  a  mercury  barometer  in  a  vacuum  chamber  and  using  a 
curve  similar  to  that  shown  in 
Fig.  137.  The  scale  of  the  alti- 
meter is  usually  arranged  to  be 
capable  of  rotation  so  that  the 
zero  can  be  set  before  leaving  FlG 

the  ground.  This  is  necessary 
owing  to  the  fact  that  the  atmospheric  pressure  varies  slightly 
from  day  to  day.  If  the  barometer  were  to  fall  J*  between  two 
flights  the  altimeter  would  be  found  reading  500'  when  the 
machine  was  wheeled  out  for  the  second  flight.  When  using  the 
instrument  it  must  always  be  remembered  that  the  zero  is  set 
to  the  height  at  which  the  machine  starts,  and  that  therefore  in 
the  course  of  a  flight  it  does  not  indicate  the  height  above  the 
ground,  but  the  height  above  the  starting-point.  The  ordinary 
altimeter  is  not  convected  for  temperature  variation.  It  is 
calibrated,  assuming  a  uniform  temperature  of  10°  C.  The  read- 
ings are  therefore  subject  to  considerable  error  at  high  altitudes, 
the  instrument  indicating  a  height  greater  than  the  true  one. 
The  following  figures  show  the  very  approximate  corrections : 
10,000'  —  200',  15,000'  —  500',  20,000'  — 1000'.  The  error  depends 
on  the  existing  temperature  conditions. 

The  Cross  Bubble  is  a  very  simple  instrument ;  it  consists  of 
a  bubble  tube,  as  shown  in  Fig.  107,  sufficiently  curved  to  show 
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angles  of  10°  to  15°  each  way.  It  is  mounted  on  the  instrument 
board  in  such  a  way  as  to  indicate  the  cross  level  of  the  machine. 
The  uses  of  the  instrument  are  two  :  first,  to  indicate  whether 
the  machine  is  flying  on  an  even  keel,  and,  secondly,  to  check 
the  accuracy  of  turns.  Its  action  in  the  first  case  is  obvious. 
In  the  second  case  the  accuracy  of  a  turn  is  indicated  by  the 
bubble  remaining  exactly  in  its  central  position  throughout  the 
whole  turn,  whatever  the  bank.  This  appears  somewhat  curious  ; 
the  reason,  however,  is  as  follows.  If  a  turn  is  correctly  banked, 
the  banking  effect  exactly  balances  the  centrifugal  force  (see 
Fig.  17).  The  same  state  of  affairs  exists  in  the  bubble  tube. 
The  tendency  of  the  bubble  to  run  to  one  side  owing  to  gravity  is 
exactly  equalised  by  the  centrifugal  effect  tending  to  send  it  in 
the  other  direction.  A  further  fact  demonstrating  this  is  that 
if  a  pilot  does  even  a  comparatively  steep 
turn  absolutely  correctly  and  his  passenger 
is  not  looking  out  of  the  machine  at  the 
time  the  passenger  will  be  quite  unaware 
that  he  is  turning.  Likewise  when  a  pilot 
is  in  a  cloud  he  cannot  possibly  tell  without 
referring  to  his  instruments  whether  the 
machine  is  flying  straight  or  doing  a  correctly 
banked  turn. 

The  pressure  gauges  used  on  aeroplanes  for 
indicating  pressure  of  from  about  2  Ibs.  per  square  inch  upwards 
are  made  on  exactly  the  same  principle  as  those  used  in  steam  and 
other  types  of  heavier  engineering.  They  are  constructed  on  the 
well-known  and  easily  demonstrated  principle  that  if  a  curved 
tube  is  subject  to  an  internal  pressure  it  tends  to  straighten 
itself.  The  usual  form  of  the  instrument  is  indicated  in  Fig.  108. 
The  piping  system  in  which  the  pressure  is  to  be  measured  is 
coupled  by  a  union  B  to  the  curved  oval  section  pipe  A.  This 
when  subject  to  internal  pressure  straightens  itself  by  an  amount 
proportional  to  that  pressure.  The  resulting  slight  movement 
of  its  free  end  is  suitably  magnified  and  transmitted  to  the 
pointer  by  the  link  D  which  actuates  the  toothed  quadrant  E. 
The  latter  gears  with  a  small  pinion  F  on  the  pointer  shaft. 
These  instruments  seldom  get  out  of  order,  but  they  are  often 
not  very  accurate.  If,  however,  for  any  particular  reason, 
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extreme  accuracy  becomes  desirable,  they  can  easily  be  cali- 
brated by  being  tested  against  a  more  expensive  standardised 
instrument  of  the  same  type. 

Gauges  indicating  the  quantity  of  petrol  in  the  tanks  are 
not  usually  very  satisfactory,  at  any  rate  on  aeroplanes.  The 
pilot  generally  satisfies  himself  that  the  tanks  are  full  before  he 
starts,  and  then,  knowing  the  rate  of  consumption,  makes  sure 
of  landing  with  a  balance  of  petrol  in  hand.  The  simplest  type 
of  gauge  consists  of  an  ordinary  glass  gauge  tube  fitted  as  indi- 
cated on  Fig.  109.  This  is  only  suitable  in  cases  where  the  tank 
is  in  the  immediate  view  of  the  pilot.  It  has  the  further  dis- 
advantage that  in  the  event  of  a  crash,  which  may  not  break  the 
tank,  the  gauge  will  probably  break  and 
cause  a  very  undesirable  flood  of  petrol. 
Gauges  of  this  nature  should  always  be 
fitted  with  taps  so  that  in  the  event  of 
breakage  the  petrol  may  be  shut  off. 
Another  simple  arrangement  consists  of 
a  float  in  the  tank,  which  is  coupled  by 
means  of  a  cord  and  suitable  gearing 
to  the  pointer  of  the  gauge  instrument. 
The  cord  is  very  liable  to  stick  into  its 
guides  and  so  give  misleading  readings. 
An  ingenious  arrangement,  which  is  fairly 
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satisfactory  in  some  situations  is  indicated  in  Fig.  109.  This 
consists  of  an  indicating  pointer  E  attached  to  a  twisted  metal 
strip  B,  which  passes  through  a  slot  in  the  float  C.  The  float 
C  is  prevented  from  rotating  by  the  fixed  guide  rods  DD. 

Concerning  the  electrical  instruments — usually  a  voltmeter 
and  sometimes  an  ammeter — little  need  be  said.  Space  does  not 
permit  of  a  description  of  the  principles  on  which  they  work. 
They  require  no  attention  in  upkeep,  and  if  they  do  go  wrong 
the  question  of  their  repair  is  one  for  the  makers.  These  instru- 
ments are  very  delicate  of  construction,  and  must  at  all  times 
be  very  carefully  handled.  They  should  also  be  protected  as  far 
as  possible  from  vibration. 

The  Turn  Indicator  is  an  instrument  not  often  used  on 
aeroplanes  except  when  cloud-flying  is  anticipated.  The 
difficulty  of  telling  whether  a  machine  is  keeping  on  its  course 
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FIG.  no. 


when  in  a  cloud  has  already  been  touched  upon.  The  dial 
of  the  instrument  is  as  indicated  in  Fig.  no.  It  simply  shows 
the  direction  in  which  the  machine  is  turning.  There  are  two 
common  forms.  One  works  on  a  simple  gyroscopic  principle. 
The  second  consists  of  a  differential  air 
speed  indicator  (see  Chapter  XXI).  A 
head  is  fitted  at  each  wing  tip,  the  dial 
reading  being  influenced  by  the  difference 
of  speeds  of  the  two  wings  and  also,  to 
some  extent,  by  the  centrifugal  force  on 
the  air  in  the  pipes. 

The  Thermometer  is  a  very  necessary 
fitting  on  all  water-cooled  engines.  Every 
engine  has  a  water  temperature  at  which 
it  runs  best,  and  some  form  of  thermometer  is  necessary 
to  enable  the  pilot  to  control  this.  The'  type  of  instrument 
ordinarily  used  is  shown  in  Fig.  in.  It  consists  of  a  small 
metal  cylinder  A,  which  is  usually  situated 
in  the  top  header  of  the  radiator,  i.e.  the 
point  at  which  the  hot  water  from  the 
engine  enters.  It  is  connected  to  a  metal 
tube  B  of  very  fine  bore  and  of  sufficient 
length  to  reach  back  to  the  instrument 
board.  The  cylinder  A  is  filled  with  a 
liquid  of  very  low  boiling  point,  usually 
ether.  The  temperature  of  the  water  in 
the  radiator  causes  the  ether  to  boil.  As 
the  temperature  rises  the  vapour  pressure 
in  the  cylinder  and  pipe  due  to  the  boiling 
ether  also  rises.  The  gauge  C  is  an  ordin- 
ary pressure  gauge  which,  instead  of  being 
graduated  in  Ibs.  per  square  inch,  is  graduated  in  temperatures 
necessary  to  raise  the  ether  in  the  cylinder  to  the  corresponding 
pressures.  When  using  the  thermometer  the  effect  of  the  atmo- 
spheric pressure  on  the  boiling  point  of  water  must  always  be 
remembered.  The  fall  of  the  boiling  point  is  approximately 
i°  C.  per  1000  feet. 
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CHAPTER  XXI 
THE  COMPASS  AND  THE  AIR  SPEED  INDICATOR 

THE  Compass  is  the  only  instrument  by  means  of  which 
the  aviator  can  tell  the  direction  in  which  he  is  flying. 
He  is  very  dependent  on  it  when  the  machine  is  above 
clouds  or  otherwise  cut  off  from  the  sight  of  recognisable  land- 
marks. It  is  therefore  essential  for  him  thoroughly  to  under- 
stand its  use  and  to  be  able  to  make  the  adjustments  on  which 
the  accuracy  of  its  readings  depends.  In  order  to  understand 
the  compass  some  elementary  knowledge  of  the  laws  of  magnetism 
is  essential.  A  magnet  is  a  body  possessing  the  power  of 
creating  a  magnetic  field  about  it.  It  has  always  two  "  poles  " 
from  which  the  magnetic  lines  of 
force  radiate.  The  field  created  by  /  .— \ 

/  *  *  *"  "  **  ^  \ 

a  bar  magnet  is  as  shown  in  Fig.  (    /'  ,- ~~^*N    ' 

112.     Each  line  of  force  leaves  the      '*».  \  \ 

magnet   at  one  of   its    poles  and       "jr~-;/ 

re-enters    it    at    the    other.      The     /  /(  \^:-l:::~-^}\  "^ 

intensity    of    a    magnetic    field   is          '^    S^.*"    _.--'"''  / 

measured  by  the  number  of  these  FlG  II2t 

lines  per  unit  area.    The  strength  of 

the    field    therefore   increases    very   rapidly    as    the    poles   are 

approached.     If  any  magnet  is  freely  suspended  in  the  field  of 

another  magnet  it  will  swing  into  such  a  position  that  the  line 

joining   its  poles  lies  along  the  lines  of  force  of  the  field,  the 

so-called  "  North  Pole  "  of  the  one  magnet  pointing  towards  the 

"  South  Pole  "  of  the  other.     The  fundamental  law  is  :  "  Like 

poles  repel,  unlike  attract  one  another/  ' 

The  earth  is  itself  a  magnet  having  its  poles  situated  in 
the  neighbourhood  of  the  geographical  poles.     Any  magnet  if 

freely  suspended  in  the  earth's  field,  therefore,  takes  up  a  position 

165 
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such  that  it  lies  along  the  lines  of  the  earth's  magnetic  field, 
its  North-seeking  or  South  pole  pointing  North.  Owing  to  the 
fact  that  the  magnetic  and  geographical  poles  do  not  coincide, 
and  owing  also  to  irregularities  in  the  earth's  magnetic  field, 
introduced  by  igneous  rocks  and  other  causes,  a  correction  has 
always  to  be  applied  to  a  bearing  as  read  on  the  magnetic  compass 
in  order  to  obtain  the  true  or  geographical  bearing.  The  amount 
of  this  correction  is  termed  "  Variation/'  The  variation  at 
any  point  alters  slightly  annually.  At  Greenwich  the  magnetic 
compass  points  about  15°  West  of  North  ;  the  variation  is 

15°  w. 

Steel  and  iron  may  be  magnetised  by  being  placed  in  the 
magnetic  field  of  some  other  magnet ;    the  more  powerful  the 
magnet  and  the  field  which  it  produces,  the  more  intensely  will 
they   become    magnetised.     Soft    iron    or 
steel,    whilst    readily     capable    of    being 
magnetised,  has  little  power  of  retention. 
Hard  steel,  however,  if  strongly  magnetised 
retains  a  portion  of  its  magnetism  for  a 
long  period  and  becomes  what  is  called  a 
permanent  magnet. 

The  compass  in  its  simplest  form  con- 
sists of  a  permanently  magnetised  hard  steel 
FIG.  113.  needle  pivoted  as  indicated  in  Fig.  113, 

and  arranged  to  rotate  over  a  suitable  scale.  The  direction  of 
the  magnetic  lines  of  force  between  the  earth's  poles  is  not 
necessarily  parallel  to  the  earth's  surface.  As  a  matter  of  fact, 
at  Greenwich  they  point  downwards  at  an  angle  of  67°  to  the 
horizontal.  Were  a  magnetic  needle  horizontally  pivoted,  it 
would  point  downwards  at  this  angle.  This  is  obviated  in  the 
case  of  the  compass  needle  by  pivoting  it  (as  shown  in  Fig.  113) 
at  a  point  above  its  centre  of  gravity  and  making  the  south- 
seeking  end  the  heavier.  The  vertical  component  of  the 
magnetic  attraction  is  then  balanced  by  the  forces  due  to  gravity. 
The  needle  is,  however,  perfectly  free  to  adapt  itself  to  the 
horizontal  direction  of  the  magnetic  lines  of  force  ;  the  navigator 
only  concerns  himself  with  directions  in  the  horizontal  plane. 

The  compass  as  used  on  aircraft  is  more  complicated  than 
that  shown  in  Fig.  113.     The  scale  is  usually  attached  to  the 
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needle,  this  "  card,"  as  it  is  termed,  being  read  against  a 
fixed  line  on  the  body  of  the  instrument  termed  the  "  lubber 
line."  A  compass  needle  suspended  in  air  rotates  very  freely 
and  oscillates  a  great  deal  before  coming  to  rest  at  its  true 
reading.  The  aero-compass  is  "  damped "  by  completely 
filling  the  casing  of  the  instrument  with  liquid.  This  device 
also  provides  a  method  of  balancing  the  weight  of  the  moving 
system,  which  consists  of  two  or  more  magnets  and  the  card. 
The  weight  is  balanced  by  means  of  a  float.  The  liquid  is 
usually  alcohol  so  as  to  avoid  freezing. 

Fig.  114  shows  diagrammatically  a  typical  aeroplane  com- 
pass. A  is  the  spherical  casing  which  is  filled  with  liquid.  In 
order  to  allow  for  the  expansion  and 
contraction  of  the  liquid  with  varying 
temperature  an  expansion  chamber 
C  with  a  corrugated  face  is  fitted. 
A  glass  window  O  is  provided  through 
which  the  card  is  observed.  D  is  the 
vertical  pivot  on  which  the  moving 
system  rotates.  There  is  a  second 
guard  wire  N  with  a  small  clearance, 
preventing  the  moving  system  from 
jumping  off  the  pivot.  The  moving 
system  consists  of  the  float  F  in 
which  is  fitted  the  agate  bearing 
point  G  and  to  which  are  attached  FlGf  II4' 

the  two  magnets  (one  shown)  H  and  the  card  E.  The  card  E 
is  cylindrical  and  is  graduated  on  its  inner  surface,  bearings 
being  read  against  the  lubber  line  I,  which  is  fixed  to  the 
casing.  The  bowl  is  carried  in  the  casing  J,  and  is  insulated 
from  vibration  by  the  soft  felt  pads  K.  The  case  J  is  fixed  to 
the  instrument  board  of  the  machine.  To  it  is  also  attached 
the  cylinder  L  containing  the  rack  M  in  which  may  be  inserted 
the  compensating  magnets. 

It  has  already  been  stated  that  iron  and  steel  become 
magnetised  when  placed  in  a  magnetic  field.  The  degree  and 
polarity  of  magnetisation  depend  on  their  direction  relative 
to  the  lines  of  force  of  the  field  and  are  a  maximum  when  they 
lie  along  those  lines.  To  this  fact  is  due  much  of  the  error 


1 68  THE  COMPLETE  AIRMAN 

termed  "  Deviation  "  to  which  the  compass  is  liable  in  service. 
A  considerable  amount  of  steel  is  used  in  the  construction  of 
an  aeroplane,  and  this  becomes  magnetised  owing  to  its  being 
situated  in  the  earth's  magnetic  field.  The  softer  metal  becomes 
magnetised  according  to  the  machine's  position  at  the  moment 
relative  to  the  lines  of  force  of  the  earth's  magnetic  field.  The 
harder  metal  may,  however,  become  more  or  less  permanently 
magnetised.  The  soft  metal  affects  the  compass  differently 
according  to  the  direction  in  which  the  machine  is  flying.  The 
hard  exerts  a  constant  effect  irrespective  of  direction  of  flight. 
Any  electric  circuit  near  the  compass  affects  it.  The  magnetos 
may  also  have  quite  a  large  effect  on  the  compass,  and  this 
effect  varies  according  to  whether  the  engine  is  standing  or 
turning.  Vibration  affects  the  compass  adversely,  and  must 
therefore  be  avoided  as  far  as  possible.  In  choosing  the  position 
for  the  compass  all  these  points  must  be  taken  into  consideration. 
It  must  be  placed  as  far  as  possible  from  steel  members.  Steel 
must  not  be  used  in  the  construction  of  its  fixings.  The  compass 
should  also  be  as  far  away  as  is  practicable  from  the  engine, 
and  the  mounting  should  insulate  it  from  vibration. 

An  obvious  way  to  neutralise  the  effects  of  permanently 
magnetic  portions  of  the  machine  is  to  place  small  permanent 
magnets  near  the  compass,  and  to  arrange  these  as  far  as  possible 
in  such  a  way  as  to  neutralise  the  magnetic  effects  in  the  neigh- 
bourhood of  the  moving  system.  In  this  way  the  readings  may 
to  a  great  extent  be  corrected.  The  remaining  errors  which  are 
mainly  due  to  soft  iron  and  which  are  not  usually  corrected, 
are  tabulated  on  a  card  which  is  fixed  near  the  compass,  the 
necessary  corrections  being  made  from  this. 

The  method  of  adjusting  the  compass  is  as  follows.  Lines 
are  pegged  out  on  the  ground,  showing  the  four  cardinal  magnetic 
points  and  the  four  intermediate  points.  The  machine  is  set  up  in 
flying  position  pointing  N.  and  then  S.  If  the  compass  is  in  error  a 
small  corrector  magnet  is  placed  in  one  of  the  slots  of  the  rack  M 
(see  Fig.  114)  pointing  in  an  E.  and  W.  direction.  The  higher  up 
in  the  rack  the  magnet  is  placed,  the  greater  is  its  effect.  If 
necessary  more  than  one  magnet  is  used.  It  will  be  noted  that  a 
magnet  placed  in  an  E.  or  W.  or  crosswise  direction  in  the  rack 
will  affect  the  N.  and  S.  readings  of  the  compass,  but  will  have  no 
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effect  on  its  E.  and  W.  readings  since  when  the  compass  points  in 
the  latter  direction  it  is  lying  parallel  to  the  lines  of  force  of  the 
field  created  by  the  correcting  magnet.  The  machine  is  now 
pointed  first  E.  and  then  W.,  the  error  being  corrected  by  putting 
one  or  more  magnets  in  the  rack  in  a  fore  and  aft  direction.  The 
machine  is  now  swung  round  and  the  errors  noted  on  all  points, 
the  compensating  magnets  if  necessary  being  so  adjusted  that  a 
minimum  average  error  is  obtained.  When  adjusting  a  compass 
in  this  manner  care  must  be  taken  that  any  movable  steel  is  in  a 
normal  position.  The  compass  should  be  tested  periodically  for 
frictional  error.  This  is  easily  done  by  deflecting  the  card  with 
a  magnet  and  noting  that  it  returns  exactly  to  the  point  at  which 
it  started.  After  the  compass  has  been  set, 
the  engine  should  be  run,  and  it  should 
be  noted  whether  this  has  any  appreciable 
effect  on  the  readings. 

In   the  air  the  compass    must  be  relied     ^  g 

upon  only  in    straight    flight.     Its  readings 

during  a  turn  are  apt  to  be  very  misleading. 

When  a  machine    banks  the  compass  card 

banks  with  it.     In  this  banked  position  the 

magnets     are     affected     not    only    by    the 

horizontal  component  of  the  earth's  magnetic 

force,  but  also  by  the  vertical.     If  a  machine 

flying  North,  for  example,  be  banked  steeply  to 

the  right,  the  card  will  immediately  swing  to  FlG 

the    East   owing   to   the   magnet    becoming 

affected  by  the  downward  component  of  the  earth's  magnetic 

force.     The  card  may  also  be  subject  to  certain  inertia  effects 

which  render  its  readings  inaccurate  during  manoeuvre. 

The  Air  Speed  Indicator,  or  "  Pi  tot/'  as  it  is  commonly 
called,  measures  the  air  speed  of  the  machine,  and  is  therefore, 
to  the  navigator,  only  second  in  importance  to  the  compass. 
The  name  Pitot  is  that  of  a  French  engineer  who  first  applied  the 
principle  to  measuring  the  rate  of  flow  of  water.  The  principle 
of  the  instrument  is  an  application  of  the  law  P  =  KA/oV2. 
If  a  tube  arranged  as  shown  in  Fig.  115  be  situated  in  a  current 
of  air  of  velocity  V,  then  a  pressure  proportional  to  V2  will  be 
produced  in  the  tube  A,  whereas  the  pressure  in  the  tube  B, 
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the  orifice  of  which  is  at  right  angles  to  the  direction  of  flow,  will 
simply  be  the  static  (or  no  velocity)  pressure  which  obtains  at  the 
point.  If  a  column  of  liquid  be  situated  in  the  lower  "  U  "  of  the 
tube,  then  it  will  be  depressed  in  A  and  raised  in  B,  the  differ- 
ence in  height  h  being  proportional  to  the  square  of  the  velocity 
of  the  air.  A  scale  might  be  fitted  to  read  h  in  miles  per  hour. 
The  earlier  instruments  were  in  fact  made  in  this  way.  Later 
types  of  instruments,  however,  dispense  with  liquid,  a  delicate 
gauge  being  used  to  measure  the  pressure,  and  a  dial  indicator 
graduated  in  miles  per  hour  being  fitted. 

The  Pitot  "  Head,"  as  it  is  called,  is  usually  made  as  shown  in 
Fig.  116.  A  is  the  pressure  tube ;  B  is  the  tube  measuring  the 
static  pressure,  commonly,  but  erroneously  in  this  case,  called 
the  suction  tube.  These  are  mounted  on  a  convenient  part  of 

the  machine  C  by  the  metal 
frame  D.  The  pipes  E  are 
led  to  the  gauge  in  the  pilot's 


0 


\\i          0)    cockpit.    The  tube  A  is  open. 


0     '      B  is  closed  and  streamlined 


FIG.  116. 


R  \  \ 

in  front  and  has  a  number  of 

very  small  radial  holes  drilled 
in  it.     In  fixing  the  head  it 
A,  is  essential  that  it  should  be 

placed  clear  of  the  propeller 
slip  stream  and  of  any 
eddies  created  by  parts  of  the  machine.  It  must  also  point 
exactly  in  the  direction  of  normal  flight.  One  of  the  leading 
interplane  struts  is  the  position  normally  chosen. 

Great  attention  must  be  paid  to  the  pipe  lines  between 
the  head  and  the  instrument.  This  is  the  seat  of  most  of  the 
troubles  to  which  the  air  speed  indicator  is  liable.  Thin 
aluminium  piping  of  about  f-inch  bore  jointed  wi  h  rubber 
tubing  is  commonly  used.  The  chief  trouble  likely  to  arise  as 
the  result  of  faulty  arrangement  of  the  pipe  line  is  due  to  water. 
When  flying  through  clouds  or  in  rain,  water  is  apt  to  get  driven 
into  the  tubing.  The  lie  of  the  piping  should  not  provide  any 
points  where  this  can  settle  and  freeze.  Faulty  working  is 
often  traceable  to  perished  rubber  joints.  The  joints  may 
easily  be  tested  by  putting  a  tube  on  the  head  and  blowing  up 
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with  the  mouth  a  pressure  equivalent  to,  say,  100  m.p.h.  on  the 
gauge.  If  the  tube  is  then  pinched  together  and  held,  the  gauge 
reading  should  remain  constant.  The  suction  tube  is  not  so 
important  as  there  is  normally  practically  no  suction  or  pressure 
in  it.  The  simplest  method  of  testing  it  is  to  change  over  the 
pressure  and  suction  connections  at  the  gauge.  The  suction 
tube  is  then  tested  in  the  same  manner  as  the  pressure.  The 
aluminium  tubing,  which  is  usually  fairly  thin,  must  be  guarded 
against  the  possibility  of  becoming  kinked  by  cowling  or  other 
moveable  .parts  of  the  machine. 

The  instrument  itself  is  simply  a  rather  delicate  pressure 
gauge  and  is  constructed  somewhat  on  the  principle  of  the  alti- 
meter.    Two  aneroid  boxesjA  and  B  are  fixed,  as  indicated  in 
Fig.  117,  to  the  casing 
of  the  instrument.  Their 
free     expandable     sur- 
faces are  c  onnected  by 
a  short    link   C,  which 
at   its  centre  carries  a 
longer  arm  D.    The  arm 
D,  which  greatly  mag- 
nifies  the  motion,   en- 
gages a  slot  attached  to 
Quadrant  F.    The  latter 

engages  a  small  pinion  FlG  II7> 

fixed    on    the    pointer 

shaft.  The  instrument  casing  is  made  airtight  and  the  suction 
pipe  fiom  the  head  is  coupled  to  the  casing  by  the  connection  S. 
The  pressure  pipe  is  connected  to  P,  which  is  fitted  with  two 
branches  pp  inside  the  instrument  communicating  with  the  in- 
teriors of  the  two  aneroid  boxes.  These  boxes  are  subject  inter- 
nally to  the  pressure  produced  in  the  open  tube  of  the  Pitot  head 
and  externally  to  the  static  pressure  of  the  air  in  the  neighbour- 
hood of  the  head.  It  should  be  noted  that  owing  to  fuselage  eddies 
this  latter  pressure  may  vary  considerably  from  that  existing  in 
the  cockpit.  The  expansion  and  contraction  of  the  boxes  is 
therefore  entirely  dependent  upon  the  air  speed  of  the  machine. 
The  dial  of  the  instrument  is  graduated  to  indicate  the  air  speed 
in  miles  per  hour.  The  only  trouble  commonly  met  with  in  the 
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instrument  itself  is  air-leakage  of  the  case.  This  occasionally 
occurs  at  the  joint  of  the  glass,  and  is  usually  caused  by  want  of 
understanding  of  the  principle  of  the  instrument  on  the  part  of 
some  person  who  has  taken  it  to  pieces  and  not  reassembled  it 
with  sufficient  care  or  skill,  as  the  case  may  be. 

A  point  worthy  of  note  is  that  any  fault  to  which  the  various 
parts  of  the  Pitot  may  become  subject  in  service  causes  it  to 
give  low  readings.  If  the  head  becomes  bent  it  does  not  receive 
the  full  effect  of  the  machine's  air  movement.  Other  faults 
are  all  connected  with  either  air-leakage  or  choking  of  pipes. 
These  likewise  cause  the  readings  to  be  low.  The  only  really 
satisfactory  test  of  the  Pitot  is  a  flying  -one.  A  measured  ground 
distance  is  flown  and  the  flight  is  timed  by  stop  watch.  In 
doing  this  test,  allowance  must  be  made  for  wind.  The  simplest 
method  is  to  fly  a  course  directly  up  and  then  down  wind  timing 
in  both  directions. 

The  chief  correction  which  must  be  applied  to  the  Pitot 
in  service  is  that  due  to  altitude.  This  matter  is,  however, 
dealt  with  in  a  separate  chapter  on  altitude  effects. 
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CHAPTER  XXII 
RIGGING 

THIS  chapter,  being  devoted  to  rigging,  must  necessarily 
touch  upon  many  subjects  more  particularly  discussed 
in  other  chapters  since  any  discussion   upon   rigging 
itself  necessarily  involves  mention  of  the  general  care  of  all 
parts  of  the  machine  other  than  the  engine.     The  subject  is, 
however,  treated  here  solely  from  the  point  of  view  of  the  work 
done  in  the  sheds. 

Rigging  is  the  art  of  erecting  the  machine  and  so  adjusting 
the  various  surfaces,  controls,  etc.,  that  it  is  in  a  fit  condition 
for  flying.  The  upkeep  of  the  machine  is  also  part  of  the  rigger's 
work.  The  various  dimensions  must  be  checked  and  adjusted 
and  any  parts  showing  signs  of  deterioration  replaced.  The 
importance  of  this  work  cannot  be  exaggerated.  To  ensure 
real  efficiency  the  mechanic  must  have  a  genuine  and  personal 
interest  in  it.  He  must  feel  a  sense  of  responsibility  and  he 
should  be  encouraged  to  realise  that  upon  his  efforts  depends  the 
consistent  good  working  of  the  machine. 

The  capable  rigger  should  have  a  general  knowledge  of  the 
loads  to  which  the  different  parts  of  the  machine  are  subject. 
Rule  of  thumb  is  useless,  and  mere  experience  hardly  less  so. 
The  invaluable  rigger  is  the  man  who  thinks  about  his  work, 
connects  cause  with  effect,  draws  inferences  from  personal 
observation,  and  thus  turns  the  fruits  of  his  accumulated  ex- 
perience to  practical  account.  To  such  a  man  nothing  is  more 
disappointing  or  discouraging,  however,  than  to  feel  his  work 
unrecognised  or  unappreciated. 

The  ultimate  test  of  rigging  is  the  air  test.  Two  machines 
of  the  same  type  both  rigged  as  accurately  as  possible  may 
nevertheless  vary  greatly  in  their  air  performance.  The  mechanic 
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has  to  depend  entirely  on  the  pilot  for  the  necessary  information 
upon  which  to  base  his  adjusting  of  the  machine.  The  pilot, 
on  the  other  hand,  has  less  time  than  the  mechanic  for  examining 
the  machine  on  the  ground.  Moreover,  he  is  probably  less  skilled 
in  the  art  of  detecting  possible  faults.  The  highest  efficiency 
therefore  necessarily  involves  the  closest  co-operation  between 
pilot  and  mechanic.  A  pilot  should  have  an  intimate  knowledge 
of  the  rigging  of  his  machine.  When  this  is  the  case  good  work 
can  be  accomplished  even  with  an  inferior  mechanic,  provided 
the  latte  •  is  conscientious  and  trustworthy. 

One  of  the  first  rules  of  rigging  is  that  a  machine  should 
not  be  rigged  too  tightly.  This  only  strains  the  fittings  un- 
necessarily. It  also  imposes  loads  on  the  machine  in  flight 
over  and  above  those  due  to  the  air  reactions.  In  the  case 

of  the  main  planes,  for  example,  the 
landing  wires  take  all  the  load  when 
the  machine  is  on  the  ground.  The 
flying  wires  should  then  be  appreci- 
ably slack.  If,  however,  they  be 
too  slack,  when  the  machine  is  in 
the  air  and  they  take  the  load  the 
landing  wires  will  be  so  loose  that 
they  will  vibrate  excessively.  When 
adjusting  any  particular  wire  the 
effect  of  the  air  forces  on  the  parts 
concerned  must  be  considered.  This 
point  finds  illustration  in  the  case  of  the  extension  flying  wires  on 
a  machine  where  the  extension  is  not  braced  by  a  king-post  and 
wires  on  the  top  of  the  plane.  When  the  machine  is  on  the  ground 
the  weight  of  the  extension  is  supported  by  a  bending  moment  in 
the  spars  which  consequently  sag  somewhat.  Were  the  wires 
rigged  tightly  the  effect  would  be  to  increase  this  sag,  the  plane 
being  pulled  out  of  shape.  The  extension  lift  wires  are  therefore 
left  very  slack. 

A  further  point  of  great  importance  is  the  effect  which  the 
alteration  of  one  wire  may  have  upon  others.  The  adjustment 
of  one  wire  usually  necessitates  the  adjustment  of  several  others. 
An  example  of  this  is  to  be  found  in  the  alteration  of  the  in- 
cidence of  the  main  planes  (Fig.  118).  To  increase  the  incidence 
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of  the  plane  at  A  the  rear  spar  is  dropped  slightly  relative  to 
the  front  one.  This  is  done  by  adjusting  the  incidence  wiring. 
The  wire  i  must  be  lengthened  and  the  wire  2  correspondingly 
shortened.  This,  however,  affects  the  landing  and  flying  wires. 
Since  it  is  the  rear  spar  that  is  to  be  dropped  the  rear  landing 
wire  must  be  lengthened  and  the  flying  wire  correspondingly 
shortened.  In  order  therefore  that  the  incidence  wiring  may 
be  adjusted  the  rear  landing  wire  must  first  be  slacked  off. 

Unnecessary  loads  are  often  inflicted  on  members  of  the 
structure  of  machines  by  the  way  in  which  they  are  handled 
when  under  repair.  When  a  machine  is  supported  in  any  way 
on  trestles  these  must  be  so  arranged  that  the  points  of  support 
are  at  joints  in  the  structure  and  never  at  a  point  part  way 
along  a  strut,  as,  for  example,  in  the  middle  of  one  of  the  fuselage 
bays.  Also  care  must  be  taken  that  the  trestle  does  not  bruise 
the  woodwork  or  do  other  damage.  If  necessary,  padding  of 
some  kind  must  be  interposed.  A  machine  is  designed  to  stand 
upon  its  undercarriage.  If  this  has  to  be  repaired  or  replaced 
the  problem  of  supporting  the  whole  weight  of  the  machine 
arises.  To  support  it  from  joints  of  the  fuselage  other  than 
those  where  the  undercarriage  is  attached  is  usually  unsafe 
since  these  are  not  designed  to  be  sufficiently  strong.  In  this 
case  a  common  method  is  to  take  the  weight  by  lifting  the 
engine,  either  packing  it  up  from  a  trestle,  or  using  a  tripod 
for  the  purpose.  This  method,  however,  cannot  always 
be  adopted.  When  it  is  impossible  other  methods  must  be 
sought.  The  largest  weights  are  usually  the  engine  and  the 
tanks  if  these  be  full.  The  supports  must  be  so  applied  that 
parts  of  the  machine  not  designed  to  take  these  concentrated 
weights  should  not  be  called  upon  to  do  so. 

The  tools  required  by  the  rigger  consist  of  a  selection  of 
spanners,  pliers,  wirecutters,  etc.,  also  certain  measuring  tools 
which  are  used  to  check  the  accuracy  of  the  machine.  These 
last  include  straight-edges  of  various  sizes,  trammels,  a  steel 
tape,  a  spirit-level,  and  sometimes  a  clinometer  level.  In  order 
to  check  the  truth  of  any  part  of  the  machine  the  latter  is  always 
first  set  up  in  "  flying  position  "  (i.e.  the  position  of  normal 
flight)  by  raising  the  tail  off  the  ground  the  correct  amount  by 
means  of  an  adjustable  trestle.  The  various  lengths  are  then 
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checked  by  measurement,  and  the  angles  of  the  lifting  surfaces 
by  applying  a  level  to  them. 

The  straight-edge  consists  simply  of  a  strip  of  wood,  the  two 
edges  of  which  are  planed  parallel  and  perfectly  straight. 
Several  of  varying  length  are  usually  kept.  The  chief  use  of 
the  straight-edge  is  to  check  the  relative  level  of  different  parts, 
for  example,  the  two  top  longerons.  The  straight-edge  is  laid 

across  the  two  points  to 

A  , — ,A  be    checked    and    the 

"]  spirit-level  laid  on  the 
•*  top  edge  of  the  straight- 
edge. The  vertical  truth 
of  parts  is  checked  by 
means  of  plumb  lines. 
A  modified  form  of 
straight-edge  which  is  exceedingly  useful  for  checking  the  truth 
of  angles  differing  slightly  from  the  horizontals,  such  as  the  angles 
of  incidence  of  the  lifting  surfaces,  is  shown  in  Fig.  119.  The 
straight-edge  is  here  provided  with  two  fingers  AA  adjustable 
by  means  of  screws.  The  figure  indicates  the  way  in  which  it 
is  applied  to  the  checking  of  the  incidence  of  the  main  planes. 
The  fingers  are  so  set  that  when  they  are  held  in  contact  with 
the  lower  surfaces  of  the  main 
spars  the  straight-edge  itself  is 
level.  The  correctness  of  the 
incidence  angle  is  then  shown  by 
the  spirit  level  at  B.  This  form 
of  straight-edge  is  really  a  simple 
form  of  clinometer. 

A  clinometer  suitable  for  rig- 
ging work  is  shown  in  Fig.  120. 
The  instrument  consists  of  a 
short  straight-edge  C  which 
carries  a  spirit-level  A.  The  level  is  mounted  in  such  a  manner 
that  it  can  be  rotated.  The  position  of  the  level  is  read  on  a  scale 
marked  on  B.  The  scale  is  so  graduated  that  it  shows  the  angle 
at  which  the  straight-edge  is  inclined  when  the  bubble  is  level. 
In  use  the  clinometer  is  usually  applied  to  a  longer  straight- 
edge. 
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Trammels  consist  simply  of  two  pointers  or  scribing  points 
attached  to  a  light  rod  adjustable  in  length.  They  are  used 
for  the  accurate  comparison  of  lengths,  as,  for  example,  the  two 
diagonals  of  a  symmetrical  bay  of  the  fuselage  bracing.  The 
steel  tape  is  used  for  checking  the  accuracy  of  the  larger  dimen- 
sions of  the  machine  ;  the  symmetry  of  the  whole  machine 
may,  for  example,  be  checked  by  measuring  on  each  side  the  dis- 
tance from,  say,  the  outer  interplane  strut  sockets  to  the  rudder- 
post. 

The  next  chapter  is  devoted  to  a  fairly  detailed  description 
of  the  complete  assembling  of  a  typical  aeroplane.     It  is  pro- 
posed here  only  to  describe  a  few  very  elementary  rigging  jobs, 
partly  as  being  illustrative  of  the 
principles  involved  and  of  the  uses 
of  certain  tools,  and  partly  as  an 
introdu  tion  to  the  next  chapter. 

To  true  up  a  symmetrical  side 
bay  of  the  fuselage,  centre  lines 
such  as  AB  and  CD  are  first 
marked  on  the  struts  and  longerons 
at  the  joints,  as  shown  in  Fig.  121. 
The  two  diagonal  bracing  wires 
would  then  be  tightened  up 
approximately,  the  truth  of  the  bay 
being  judged  visually.  The  tram-  FIG  I2I 

mels  are  set  to  the  distance  WX ; 
the  distance  YZ  is  then  checked  with  them,  the  lengths  of  the 
bracing  wires  being  adjusted  till  these  two  are  exactly  equal. 
The  tension  in  the  two  wires  is  then  adjusted  to  approximately 
i  he  same  amount  by  feeling  the  tautness.  The  dimensions  WX 
and  YZ  are  finally  checked.  Lastly  the  turnhuckles  are  locked 
with  wire,  as  indicated  in  Fig.  58. 

Suppose  that  a  machine  is  found  to  be  flying  nose  heavy — 
i.e.  it  tends  to  drop  its  nose  and  to  adopt  an  excessive  speed 
when  the  control  pillar  is  in  its  neutral  position.  The  prob- 
ability is  that  the  tail  plane  is  rigged  with  too  much  incidence. 
In  most  machines  the  line  of  action  of  the  propeller  pull  is  hori- 
zontal when  the  machine  is  in  its  position  of  normal  flight.  The 
level  of  the  engine  bearers  is  therefore  commonly  taken  as  the 
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basis  from  which  the  rigging  is  checked  and  adjusted.  The  tail 
is  raised  on  a  trestle  to  such  a  position  that  the  engine  bearers 
are  exactly  level  in  fore  and  aft  and  crosswise  directions.  This  is 
checked  by  trying  them  by  means  of  a  spirit-level  placed  either 
directly  upon  them  or  on  a  straight-edge  placed  across  them. 
In  some  instances  it  happens  that  the  bearers  themselves  are 
not  very  convenient  of  access,  in  which  case  some  part  rigidly 
attached  to  them  and  known  to  be  correct,  as,  for  example,  the 
front  portion  of  the  top  longerons,  may  be  used  as  a  basis  instead. 
The  machine  being  in  flying  position,  the  incidence  of  the  tail 
plane  is  tested.  Before  altering  it,  it  is  usual  to  check  it  with  the 

standard  dimensions  for 
the  type  of  machine.  The 
incidence  of  the  tail  plane 
may  be  given  in  degrees  or 
by  the  "  rise"  or  difference 
in  level  between  the  two 
tail  plane  spars.  In  the 
former  case  the  measure- 
ment is  most  simply  made 
by  means  of  a  clinometer 
as  shown  in  Fig.  120.  In 
the  latter  a  straight-edge, 
as  shown  in  Fig.  119, 
would  be  used.  Some  form 

of  adjustment  of  the  tail 
FIG.  122.  ,  .  ,  .       , 

plane  incidence  is  always 

provided.  This  usually  takes  the  form  of  an  adjustable  fuselage 
fixing  for  either  the  main  or  the  rear  spar.  If  it  is  decided  to  alter 
this,  the  first  thing  done  is  to  unlock  and  slacken  off  all  the  tail 
plane  bracing  wires  ABCD,  shown  in  Fig.  122.  The  incidence  is 
then  decreased  by  such  an  amount  as  experience  has  shown  to  be 
necessary  to  effect  the  required  decrease  in  the  speed  of  the 
machine.  If  a  doubt  exists  as  to  the  amount  of  a  correction  it  is 
usually  wise  to  err  on  the  side  of  under  rather  than  over  cor- 
rection. The  incidence  having  been  corrected  by  the  required 
amount,  the  tail  must  be  trued  up.  A  level  is  placed  along  the 
main  spar,  the  wires  AA  being  adjusted  till  the  spar  is 
perfectly  level.  The  length  of  the  wires  are  also  equalised  (by 
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trammelling)  in  order  to  ensure  that  the  rudder-post  is  not 
pulled  out  of  the  vertical.  The  wires  DD  are  then  tightened  till 
they  are  just  tight,  but  not  excessively  so.  The  same  process 
is  gone  through  with  the  rear  spar,  the  wires  BB  and  CC  being 
adjusted.  As  a  check  the  incidence  and  the  tail  at  different 
points  may  be  checked  with  a  straight-edge  and  level,  as  shown 
in  Fig.  119.  Finally  all  wires  should  be  locked. 

In  view  of  the  extreme  importance  of  even  the  smallest 
detail  of  the  rigger's  work,  slovenliness  of  any  kind  can  never 
be  permitted.  Untidiness  leads  to  slipshod  methods  and  bad 
workmanship,  which  in  their  turn  must  inevitably  lead  sooner  or 
later  to  disaster.  At  times,  as,  for  example,  in  the  absence  of 
some  required  spare  part,  it  is  necessary  to  modify  the  original 
construction  of  the  machine  in  some  minor  detail.  Such  altera- 
tions must,  however,  always  be  considered  and  authorised  by 
some  person  thoroughly  competent  to  judge  of  their  effects. 
Another  essential  rule  in  rigging  work  is  that  one  job  must 
be  finished  before  another  is  begun.  There  are  always  so  many 
small  lock  nuts,  hinge  pins,  split  pins,  etc.,  each  one  of  which  is 
vital  to  the  safety  of  the  machine,  that,  unless  one  section  of 
the  work  is  finished  before  another  is  begun,  oversights  are  almost 
inevitable. 

All  jobs  should  be  independently  checked  before  being  passed 
for  service.  A  perfectly  definite  system  of  doing,  checking,  and 
recording  all  work  must  be  adopted  and  adhered  to.  The 
question  of  recording  the  work  is  an  important  one.  It  is  now 
necessary  by  law  that  every  aeroplane  should  carry  its  log  book 
in  which  all  repairs,  alterations,  etc.,  shall  be  recorded.  Apart 
from  this,  however,  the  keeping  of  reaUy  comprehensive  records 
of  all  work  done  and  the  having  each  entry  signed  by  the  person 
who  has  done  the  work  is  perhaps  the  soundest  way  of  ensuring 
method  and  systematic  efficiency.  The  act  of  signing  brings 
home  to  the  rigger  or  checker  his  responsibility  for  the  work, 
besides  which,  having  the  worker's  name  thus  recorded,  makes 
tracing  a  man  who  has  done  unsatisfactory  work  a  simple 
matter. 

Shed  work  includes  the  routine  cleaning  of  the  machine. 
Machines  must  periodically  be  cleaned  down  thoroughly  both 
inside  and  out.  After  every  few  hours'  flying  the  parts  which 
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have  become  dirty  or  oily  must  be  cleaned.  Rust  must  never 
be  permitted  to  exist  anywhere.  The  object  of  cleaning  a 
machine  is  twofold.  First,  it  prevents  unnecessary  deterioration. 
Secondly,  the  periodical  cleaning  and  consequent  inspection  of 
the  various  parts  by  the  rigger  familiarises  him  with  their  con- 
dition and  immediately  brings  to  his  notice  any  defects.  No  good 
pilot  will  allow  his  machine  to  be  kept  dirty,  for  this  reason  if  for 
no  other. 


PLATE  XII 


CHAPTER   XXIII 
THE  ERECTION  OF  A  MACHINE 

THE  complete  erection  or  rebuilding  of  a  machine  usually 
involves  simply  the  assembling  and  adjusting  of  the 
various  components,  the  planes,  fuselage,  engine,  etc. 
The  erection  of  these  several  components  concerns  the  manu- 
facturer only.  It  is  proposed  in  the  following  pages  to  describe 
in  some  detail  the  work  either  of  erecting  a  new  machine  or 
of  reassembling  one  that  has  been  stripped.  The  work  involved  in 
rebuilding  a  machine  that  has  been  seriously  crashed  is  essentially 
the  same  ;  ^n  this  case,  however,  it  is  further  necessary  very  care- 
fully to  inspect  each  part  before  it  is  used,  replacing  any  parts  that 
are  not  perfectly  sound.  For  the  purpose  of  illustration  a  single- 
engined  tractor  biplane  with  staggered  planes  has  been  chosen. 
This  is  at  the  present  time  the  form  of  machine  most  commonly 
used.  Furthermore  in  the  course  of  its  erection  it  provides 
examples  of  most  of  the  more  usual  rigging  problems. 

The  fuselage  is  the  datum  from  which  the  machine  is  built 
and  adjusted.     As  all  the  other  parts  are  attached  to  it,  it  is 
naturally  most  simple  first  to  get  it  absolutely  true  and  then  to 
adjust  each  of  the  other  parts  relative  to  it  as  they  are  built  on. 
In  order  that  the  fuselage  may  be  trued  up  it  is  set  up  on  trestles 
in  the  position  of  normal  flight.     This  may  be  obtained  by  re- 
ference to  drawings  of  the  machine.     Most  machines  are  in  normal 
flying  position  when  their  engine  centre  line  is  horizontal.     Fig. 
123  show  >  a  fuselage  set  up  in  this  manner.     The  trestles  are 
placed  exactly  under  the  joints,  as  indicated,  in  order  to  avoid 
straining  the  bottom  longerons  or  throwing  the  structure  out  of 
truth.     The  first  operation  is  to  check  the  truth  of  the  engine 
bearers.     This  is  done  by  trammelling  the  bays  and  trying  the 
level  of  the  bearers  themselves  crosswise  with  a  straight-edge  and 
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spirit-level.  They  are,  if  necessary,  corrected  by  adjusting  the 
lengths  of  the  bracing  wires.  The  engine  bearers  when  true  serve 
as  a  datum  from  which  the  rest  of  the  fuselage  is  adjusted.  By 
packing  or  other  more  convenient  form  of  adjustment  the  trestles 
are  set  up  until  a  level  placed  on  the  engine  bearers  shows  them 
to  be  truly  level  in  both  the  fore  and  aft  and  the  crosswise  direc- 
tions. 

The  next  step  is  to  true  up  all  the  internal  or  cross  bays  of 
the  structure.  Their  truth  is  checked  entirely  by  trammelling. 
These  bays  must  necessarily  be  trued  up  first  as  the  subsequent 
adjustment  of  the  side  and  top  and  bottom  bays  is  thereby 
facilitated,  that  is  to  say,  the  trueing  of  one  side  bay  will  true 
up  the  corresponding  bay  on  the  other  side. 


FIG.  123. 

A  tight  string  line  is  now  put  through  on  the  side  of  the  fuselage, 
as  indicated  by  AB  in  the  figure.  For  the  position  of  this  line 
reference  must  be  made  to  drawings  or  rigging  diagrams.  In  many 
machines  the  top  longeron  in  the  side  elevation  is  straight,  and 
in  flying  position  it  is  either  horizontal  or  has  a  steady  rise  or  fall 
aft.  The  amount  of  this  rise  from,  say,  the  first  strut  aft  of  the 
engine  bearers  to  the  rudder-post  must  be  obtained.  Suppose 
that  there  is  a  rise  of  4",  a  mark,  preferably  of  a  permanent 
nature  for  future  reference,  is  made,  say,  7"  below  the  level  of 
the  top  surface  of  the  top  longeron  on  the  rudder-post,  and  an- 
other mark  is  made  3*  below  the  same  surface  on  the  strut.  These 
marks  fix  the  datum  line  from  which  the  side  of  the  fuselage  is 
adjusted.  If  the  fuselage  is  true  the  string  line  will  be  hori- 
zontal when  stretched  from  the  one  to  the  other.  This  may  be 
checked  by  holding  a  long  straight-edge  along  it  and  testing  its 
level  with  a  spirit-level.  In  order  to  true  up  the  side  bays  each 
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vertical  strut  must  be  marked  with  the  position  where  the  string 
line  should  cut  it.  These  points  may  be  obtained  from  the  draw- 
ings. If  they  are  not  given  they  must  be  either  calculated  or 
obtained  graphically.  For  example,  if  there  is  a  drop  of  4"  and 
there  is  a  distance  of  16'  between  the  points,  the  centre  line  will 
drop  y  for  each  foot  run.  It  is  very  usual  for  the  makers  to  mark 
these  points  on  the  struts  in  course  of  manufacture.  Having  all 
the  marks  on  the  struts,  the  rigger  adjusts  the  bracing  wires  of 
each  bay,  working  back  from  the  one  most  forward,  so  as  to  bring 
the  points  on  the  side  struts  coincident  with  the  string  line. 
In  the  trueing  up  of  the  side  of  the  fuselage  in  this  manner  it 
is  probable  that  the  fore  and  aft  level  of  the  engine  bearers  will 
have  been  thrown  slightly  out.  If  so,  the  tail  end  of  the  fuselage 
must  be  slightly  raised  or  lowered,  as  the  case  may  be,  to  correct 
this  level.  The  bays  on  the  other  side  of  the  fuselage,  which 
should  have  been  slacked  off  during  this  adjustment,  must  now 
be  trued  up.  This  is  most  simply  done  by  placing  a  straight- 
edge on  which  is  laid  a  spirit-level  across  the  longerons,  the  bays 
being  adjusted  until  this  is  level. 

The  top  and  bottom  bays  are  now  trued  up.  As  the  fuselage 
in  plan  view  is  always  symmetrical  this  is  a  comparatively  simple 
operation.  From  the  centre  point  of,  say,  the  cross  strut  nearest 
to  the  engine  bearers  a  string  line  is  run  through  to  the  centre  line 
of  the  rudder-post.  The  centre  points  are  marked  on  all  the  inter- 
mediate cross  struts  and  the  wiring  of  the  various  bays  is  so  ad- 
justed that  the  centre  points  all  lie  on  the  string  line.  Whilst  the 
wires  of  the  top  bays  are  being  adjusted  those  of  the  lower  should 
be  slacked  off.  The  fuselage  should  now  be  absolutely  true  in 
every  direction.  The  rudder-post  provides  an  excellent  check. 
This  in  most  machines  should  be  truly  vertical. 

The  locking  of  all  wires  is  commonly  left  until  the  whole  of 
the  work  has  been  completed  and  checked,  since,  if  the  checking 
discloses  any  error,  the  extra  work  -of  slacking  is  thus  obviated. 
Finally,  the  whole  of  the  bracing  is  gone  over  and  its  tightness 
checked  by  twanging  the  wires.  The  latter  should  be  of  even 
tightness  throughout.  The  effect  of  rgging  wires  too  tightly 
has  already  been  pointed  out. 

The  undercarriage  is  usually  fixed  next.  This  is  a  simple 
operation.  With  the  ordinary  "  V  "  type  the  only  measurement 
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that  does  not  automatically  fix  itself  is  the  diagonal  one.     This 
is  checked  by  trammelling  the  cross-bracing  wires. 

The  centre  section  of  the  top  plane  is  now  fitted.  It  is  ex- 
tremely important  that  this  should  be  done  accurately  as  the 
truth  of  the  main  planes  relative  to  the  fuselage  depends  entirely 
on  it.  The  centre  section  is  usually  carried  by  four  centre  sec- 
tion struts.  The  whole  is  loosely  assembled  in  position,  and 
then  trued  up  as  follows.  A  centre  point  is  marked  on  the 
leading  edge  and  a  plumb  line  is  hung  from  it.  By  adjustment 
of  the  front  crosswise  brac'ng  wires  this  point  is  brought  directly 
over  the  centre  line  which  has  already  been  marked  on  the  cross 
struts  of  the  fuselage.  The  rear  bay  crosswise  bracing  wires  are 
similarly  adjusted.  In  side  view  the  centre  section  struts  are 
commonly  vertical.  This  being  the  case,  the  fore  and  aft  cross 
bracing  wires  are  adjusted  to  bring  the  struts  into  the  correct 
position  as  sighted  by  a  plumb  line.  The  truth  of  the  finished 
work  should  be  thoroughly  checked.  To  do  this  the  level  of  the 
spars  is  tried  with  a  spirit-level.  The  absolute  parallelism  of 
the  sides  of  the  plane  with  the  centre  line  of  the  fuselage  is 
checked  by  means  of  plumb  lines. 

The  main  planes  are  next  attached.  The  way  in  which  this 
is  done  varies  with  the  form  of  inter-plane  bracing.  If  only  one 
pair  of  struts  is  used  the  planes  must  be  fitted  on  separately. 
The  top  plane  is  first  attached,  being  temporarily  supported  by 
props  or  slings.  The  lower  plane  is  then  fixed.  As  soon  as  the 
latter  is  in  position  the  weight  of  the  top  plane  can  be  taken  by  the 
landing  wires  and  inter-plane  struts.  In  cases  where  there  are 
more  than  one  pair  of  inter-plane  struts  the  planes  are  usually 
assembled  on  the  floor  prior  to  attachment.  The  planes  are 
stood  up  on  their  leading  edges  and  the  inter-plane  struts  and 
wires  are  fitted.  The  two  planes  are  then  lifted  as  a  complete 
structure  and  attached  to  the  fuselage  and  centre  section. 

To  true  up  the  planes  the  first  dimension  to  be  adjusted 
is  the  dihedral.  This  is  set  on  the  front  spar  by  tightening  or 
slackening  the  front  bay  landing  wires.  The  angle,  which  is 
commonly  about  3°,  is  set  by  using  a  special  straight-edge  similar 
to  that  shown  in  Fig.  119  and  a  spirit-level  on  the  top  surface  of 
the  spar.  Alternatively  a  string  line  may  be  tightly  stretched 
from  wing  tip  to  wing  tip  on  the  top  plane,  and  the  distance  of  this 
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line  above  the  centre  section  spar  may  be  measured.  Once  the 
dihedral  is  set  the  front  landing  wires  are  not  altered.  The  front 
flying  wires  may  now  also  be  tightened.  A  check  on  the  sym- 
metry of  the  planes  may  be  made  by  trammelling  on  each  side 
the  distance  from  the  centre  point  on  the  leading  edge  of  the 
centre  section  to  similar  points  at  each  side  on  the  lower  fittings 
of  the  front  inner  inter-plane  struts. 

The  stagger  is  now  adjusted.  Suppose  that  this  is  12",  i.e. 
in  flying  position  the  leading  edge  of  the  top  plane  is  12"  forward 
of  the  leading  edge  of  the  lower  plane.  This  is  measured  by  hang- 
ing plumb  lines  from  the  top  leading  edge  and  measuring  the 
distance  to  the  lower  leading  edge  with  a  rule.  The  stagger  is 
adjusted  by  means  of  the  incidence  or  stagger  wires  (see  Fig.  38). 

The  inc  dence  of  the  planes  is  now  checked,  using  a  straight- 
edge and  'eve1,  as  shown  in  Fig.  119,  either  on  the  spars  or  from 
the  leading  to  the  trailing  edge.  In  the  latter  case  it  should  be 
applied  directly  under  a  rib.  The  incidence  is  usually  made  the 
same  throughout,  but  will  probably  require  some  slight  adjust- 
ment after  an  air  test  has  been  made.  In  connection  with  the 
incidence  of  planes  the  terms  "  wash  in  "  and  "  wash  out  " 
are  sometimes  used.  A  plane  is  said  to  be  rigged  with  "  wash 
in  "  if  it  has  greater  incidence  at  the  tip  than  at  the  root.  The 
converse  arrangement  constitutes  "  wash  out.'1 

The  incidence  near  the  fuselage  is  fixed  absolutely  by  the 
position  of  the  spar  fixings.  Farther  out  it  may  be  adjusted 
by  altering  the  rear  bay  landing  wires.  The  incidence  should 
be  very  nearly  correct,  being  affected  by  the  incidence  and 
stagger  wires.  Any  alteration  will  affect  the  stagger  dimension 
to  some  extent.  If  serious  discrepancies  are  found  the  centre 
section  must  usually  be  looked  to  for  the  trouble.  All  wires 
are  finally  suitably  tightened  and  locked.  Any  drift  wires  are 
attached.  These  should  not  be  tight  and  should  take  no  strain 
except  in  flight.  The  general  symmetry  of  the  planes  may  be 
checked  by  measuring  with  a  steel  tape  the  distance  from,  say, 
the  lower  rear  outer  inter-plane  strut  socket  to  the  rudder-post 
on  each  side  of  the  machine. 

The  tail  unit  is  now  fitted.  This  offers  little  difficulty. 
The  tail  plane  is  first  attached.  Its  cross  level  is  checked  by 
means  of  a  level  laid  on  the  front  spar  and  adjusted  by  the 
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bracing  wires.  Measurements  should  also  be  made  from  a 
convenient  point  on  the  centre  line  of  the  fuselage  to  the  tips 
of  its  main  spar  to  ensure  that  it  is  square  with  the  fuselage. 
The  incidence  is  checked  in  the  same  manner  as  that  of  the 
main  planes  and  is  adjusted  by  setting  the  rear  spar,  which  has 
usually  an  adjustable  attachment  to  the  fuselage.  If  the  plane 
is  fitted  with  an  incidence  control  this  is  set  in  its  mid-position. 
The  fin  or  fins  are  next  attached.  They  are  usually  braced  from 
the  tail  spar,  and  are  set  vertical  and  parallel  to  the  centre  line 
of  the  machine.  The  rudder  and  elevator  are  hinged  on.  All  the 
wires  and  hinges  are  then  gone  over  and  properly  locked. 

It  is  now  only  necessary  to  fit  the  various  control  wires. 
Sufficient  has  been  said  concerning  these  to  render  any  further 
description  of  their  adjustment  unnecessary. 

Finally  the  engine,  tanks,  etc.,  are  fitted  in  and  all  piping  and 
engine  controls  are  coupled  up.  When  the  fuselage  covering  has 
been  laced  up  and  other  minor  details  attended  to,  the  machine 
is  ready  for  its  air  test.  Before  this  takes  place  it  is  usually 
advisable  that  some  entirely  independent  inspector  should 
examine  the  work  systematically  to  ensure  that  no  lock  nuts 
or  other  details  have  been  overlooked. 


CHAPTER  XXIV 
FLYING  INSTRUCTION 

LEARNING  to  fly  is  not  difficult,  and  in  these  days 
flying  need  involve  no  greater  strain  upon  the  nervous 
system  than  driving  a  motor-car.  It  is  true  that  the 
first  flight  affords  a  somewhat  novel  sensation,  especially  if  any 
"  aerobatics  "  are  indulged  in,  but  so  does  the  first  ride  in  a 
high-powered  car.  The  sensation  of  ordinary  flying  as  opposed 
to  aerobatics  is  perhaps  disappointing.  In  fact,  to  all  intents 
and  purposes  there  is  none.  The  feeling  of  height  is  lost.  The 
earth  is  seen  from  a  distance  certainly,  but  there  is  no  fore- 
ground by  means  of  which  to  gauge  that  distance.  For  the 
same  reason  no  sensation  of  speed  is  experienced  except  when 
flying  near  the  ground.  At  first  there  is  a  certain  sensation  of 
novelty,  but  this  passes  with  time.  What  never  passes  is  the 
sense  of  mastery,  the  feeling  of  exhilaration,  and  the  apprecia- 
tion of  the  endless  beauties  of  nature  seen  in  a  new  form, 
particularly  when  the  flight  leads  amongst  broken  clouds.  At 
the  present  stage  of  development  of  the  aeroplane  flying  in  bad 
weather  may  be  very  trying,  but  only  the  really  experienced 
pilot  is  as  a  rule  called  upon  to  do  this  sort  of  work.  It  is  here 
proposed  only  to  discuss  teaching  the  average  person  to  fly  a 
simple  type  of  machine  in  normal  weather  conditions.  Any- 
thing beyond  this  is  merely  a  matter  of  practice  and  experience. 
During  the  war  many  thousands  of  very  average  men  not  only 
learnt  to  fly,  but  became  expert  pilots,  and  almost  any  one  can 
be  taught  enough  to  attain  to  this  standard.  As  for  the  super- 
pilot,  of  him  it  can  only  be  said,  as  of  the  poet — Nascitur  non  fit. 
In  flying,  age  imposes  certain  limitations,  probably  because 
most  people  tend  with  increasing  years  gradually  to  lose  their 

power  of  adaptability  and  to  some  extent  their  nervous  vigour. 
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Only  the  exceptional  man  will  take  to  aviation  with  any  degree 
of  enthusiasm  when  over  thirty-five.  It  is  difficult  to  lay  down 
any  hard-and-fast  rule  as  to  the  qualities  which  should  be 
possessed  by  the  would-be  pilot.  Good  general  health  is 
essential,  particularly  during  the  period  of  instruction,  and 
only  the  most  experienced  pilots  should  fly  when  not  physically 
up  to  standard.  Eyesight  too  is  a  matter  of  great  importance. 
Both  eyes  must  have  good  sight  on  account  of  the  necessity 
for  judging  distance  accurately  when  landing.  It  is  now  possible 
to  buy  goggles  fitted  with  special  lenses  which  will  not  splinter, 
and  these  should  if  necessary  be  used. 

The  most  essential  mental  qualities  for  the  aviator  are 
quickness  of  thought,  decision,  and  self-reliance.  These  need 
not  be  highly  developed,  but  must  always  be  present  in  some 
degree.  They  are  difficult  to  assess  quantitatively,  but  they 
inevitably  show  themselves  in  general  character  and  bearing. 
A  few  minutes'  conversation  is  usually  enough  to  reveal  their 
presence  or  their  absence.  General  temperament  is  of  con- 
siderable importance.  The  man  who  is  good  at  all  forms  of 
outdoor  sport,  the  keen  cricketer,  horseman,  or  boxer,  seldom 
fails  to  make  a  good  pilot,  chiefly  because  sport  nearly  always 
develops  the  mental  alertness,  as  well  as  the  bodily  vigour  so 
essential  to  the  successful  aviator,  particularly  during  the  early 
stages  of  his  training. 

It  is  not  necessary  for  the  pilot  to  be  an  engineer  though  he 
should  be  possessed  to  some  extent  of  that  feeling  which  rebels 
against  the  neglect  or  abuse  of  things  mechanical.  The  man 
who  can  drive  a  car  uphill  on  the  top  gear  with  the  engine 
knocking  the  whole  time  will  treat  an  aero-engine  on  similar 
lines,  but  probably  with  more  serious  results.  Although  the 
pilot  need  not  be  an  engineer,  he  cannot  afford  to  be 
entirely  ignorant  of  mechanics.  Flying  is  like  riding  a 
bicycle.  A  knowledge  of  how  to  mend  a  puncture  will  not 
prevent  the  rider  from  falling  into  the  ditch,  but  it  will  frequently 
enable  him  to  reach  his  destination  in  spite  of  accidents,  which 
is,  after  all,  the  main  object  for  which  he  rides  his  bicycle. 

The  ultimate  success  of  the  pilot  depends  greatly  on  the 
methods  adopted  in  the  course  of  his  instruction.  An  immense 
amount  of  experience  on  this  subject  has  been  obtained  during 
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the  war.  As  the  result  of  this  it  has  been  possible  to  fix  upon 
what  is  probably  the  only  really  satisfactory  system  of  teaching. 
This  method  originally  developed  by  Col.  Smith-Barry  has  now 
been  almost  universally  adopted.  The  effect  of  this  officer's 
work  on  the  progress  of  flying  generally  has  been  tremendous. 
It  has  brought  what  used  to  be  the  aerobatics  of  the  super- 
pilot  safely  within  reach  of  practically  all.  The  foundation  of 
this  system  is  progressive  dual  instruction  controlled  by  tele- 
phone, the  main  principle  being  that  the  pupil  is  made  to  do 
everything  himself  and  is  taught  to  realise  that  he  alone  is 
doing  it. 

The  progress  of  a  prospective  pilot  taught  on  these  lines  is 
somewhat  as  follows.  First  of  all,  he  is  given  a  certain  amount 
of  instruction  on  the  ground.  This  includes  lectures  on  the 
use  and  effect  of  the  various  controls,  the  controlling  of  the 
engine,  and  so  forth.  He  is  also  probably  taken  up  once  or 
twice  as  a  passenger,  so  that  when  his  actual  flying  instruction 
begins  the  sensation  of  being  in  the  air  will  not  be  entirely  new 
to  him.  Further,  he  may  with  advantage  watch  the  other 
pupils  in  the  air,  the  evolutions  they  are  performing  being 
explained  and  criticised  for  his  benefit  by  an  experienced  pilot. 

He  is  next  taken  up  for  his  first  dual  instruction.  The 
machine  used  is  fitted  with  complete  controls  in  both  the  pilot's 
and  the  observer's  seats,  and  telephones  are  fitted  to  the  caps 
of  both  pupil  and  instructor.  The  pupil  occupies  the  pilot's 
seat  throughout  the  whole  of  his  instruction.  For  the  first  few 
flights  the  instructor  takes  the  machine  off  and  climbs  it  to  a 
safe  height.  He  then  passes  entire  control  over  to  the  pupil. 
The  first  exercise  is  to  fly  the  machine  straight  and  level,  the 
pupil's  efforts  being  criticised  by  the  instructor.  To  learn  this 
step  should  only  be  a  matter  of  a  few  minutes.  The  next  step 
is  to  move  the  various  controls  and  gain  practical  knowledge 
of  their  several  effects  on  the  machine.  An  instinctive  use  of 
the  controls  is  thus  gradually  acquired,  as  is  also  the  "  feel  " 
of  the  machine  in  the  air. 

Instruction  on  turns  now  begins ;  the  instructor  criticises 
and  corrects  the  movements  of  his  pupil  by  telephone,  never 
touching  the  controls  himself  except  in  cases  of  emergency  or 
to  demonstrate  a  complete  turn.  The  pupil  first  does  slow 
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slightly  banked  turns,  being  taught  how  to  apply  the  correct 
amount  of  rudder  for  the  bank  and  how  to  hold  the  nose  up  in 
its  normal  position  by  holding  back  the  stick.  The  reason  that 
a  machine  drops  its  nose  on  a  turn,  and  other  similar  matters, 
will  have  been  amongst  the  subjects  discussed  in  the  pre- 
liminary ground  instruction.  (The  use  of  the  controls  in  various 
manoeuvres  is  explained  in  the  next  chapter.)  The  steepness  of 
the  bank  is  now  gradually  increased.  This  will  probably  bring 
the  first  lesson  to  its  close.  It  is  important  not  to  teach  too 
many  things  at  a  time. 

Between  this  and  the  next  lesson  the  pupil  should  be  en- 
couraged to  think  well  over  the  "  dos  "  and  "  don'ts  "  of  his 
trip.  Cerebration  conscious  and  unconscious  has  a  great  effect 
on  progress.  For  this  reason  the  personal  influence  of  the 
instructor  is  of  great  moment,  and  should  be  such  as  to  inspire 
the  prospective  pilot  with  self-confidence. 

The  dual  instruction  is  continued  in  such  a  way  as  to  form  a 
gradually  developing  course,  the  amount  taught  in  each  flight 
depending  on  the  assimilating  power  of  the  individual  pupil. 
The  first  part  of  each  lesson  is  devoted  to  giving  him  an  oppor- 
tunity of  practising  what  he  has  already  learnt.  Prolonged 
flights  are  to  be  avoided,  half  an  hour  in  the  air  at  a  time  usually 
being  ample.  When  the  pupil  is  well  practised  in  turning  he  is 
shown  how  to  glide  the  machine  at  a  correct  angle  and  taught  the 
difference  between  turning  on  the  glide  and  turning  when  in 
normal  flight.  Finally  he  is  taught  how  to  land  normally  into 
the  wind,  how  to  take  off,  and  how  to  taxy.  All  this  usually 
takes  about  six  hours'  tuition,  and  during  practically  the  whole 
of  this  time  the  pupil  has  had  entire  control  of  the  machine. 
At  the  end  of  it  he  should  be  able  to  do  turns  and  glides  with 
precision,  and  judge  a  landing  with  very  fair  accuracy.  Most 
important  of  all,  he  should  have  gained  entire  confidence  in 
himself.  When  all  this  has  been  accomplished  he  is  ready  to 
go  solo,  a  proceeding  which  should  present  no  fears. 

He  is  allowed  to  fly  solo  for  a  few  hours,  during  which  time  he 
practises  the  manoeuvres  he  has  been  taught.  Beyond  these  he 
must  not  venture.  The  instructor's  eye  should  frequently  be 
upon  him  to  ensure  that  he  is  not  acquiring  bad  habits.  After 
this,  dual  and  solo  flying  are  undertaken  alternately,  a  dual 
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lesson  being  given  after  every  two  or  three  hours'  solo,  so  as 
to  check  the  pupil's  progress,  prevent  the  development  of  slovenly 
ways,  and  to  teach  him  new  forms  of  manoeuvre.  This  checking 
is  extremely  necessary.  A  pilot  must  always  fly  precisely,  and 
in  early  stages  he  is  apt  to  form  habits,  such  as  a  taste  for  turns 
in  one  direction,  a  tendency  to  turn  with  too  little  bank,  to  land 
too  fast,  and  so  forth.  If,  however,  he  is  forced  during  the 
whole  of  his  period  of  instruction  to  adopt  and  to  adhere  to 
the  habit  of  precise  and  accurate  manoeuvre,  he  is  unlikely 
to  lose  it  subsequently. 

His  further  instruction  now  proceeds  somewhat  as  follows. 
He  is  taken  up  and  taught  to  fly  in  bad  weather ;  he  learns  to 
turn  the  machine  vertically,  to  side-slip,  to  stall,  to  dive,  and 
so  on.  He  also  learns  the  effect  of  bad  turns  and  how  to  correct 
their  results.  He  is  taught  to  make  forced  landings  in  confined 
spaces,  and  landing  across  the  wind  is  practised.  Finally,  when 
the  instructor  is  satisfied  that  his  pupil  has  completely  grasped 
the  theory  and  practice  of  what  may  be  termed  ordinary  flying, 
he  begins  to  teach  him  aerobatics.  He  teaches  him  to  spin,  loop, 
and  roll  correctly  and  confidently.  By  means  of  this  gradually 
developing  system  the  pupil  becomes  accustomed  to  the  machine 
in  all  positions.  Gradual  progress  is  the  essential  point.  Ac- 
cidents in  the  air  usually  occur  as  the  result  of  pilots  attempting 
manoeuvres  which  they  do  not  understand,  and  to  which  they 
have  not  been  brought  up  by  degrees  from  simpler  things.  There 
is  another  point  of  view  from  which  aerobatics  should  be  regarded, 
namely,  that  of  the  stresses  to  which  they  subject  the  machine. 
If  they  are  performed  inaccurately  stresses  sufficient  to  break 
the  machine  may  easily  be  caused.  Gradual  and  progressive 
development  of  the  manoeuvre,  which  involves  a  gradually 
acquired  knowledge  of  the  "  feel  "  of  the  machine  in  its  different 
positions,  obviates  any  likelihood  of  breakage. 

Henceforth  the  pupil  flies  entirely  solo  and  may  be  trusted 
to  do  whatever  he  likes.  The  whole  course  of  instruction  ex- 
tends over  some^thirty  or  forty  hours  in  the  air,  of  which  about 
one- third  are  dual.  The  finished  pilot  should  be  sound  and  entirely 
trustworthy.  The  sole  thing  required  for  the  completion  of  his 
education  is  experience,  and  this  can  only  be  gained  with  time.  A 
good  deal  of  valuable  knowledge  may  be  acquired  from  other 
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people.  A  pilot  should  always  keep  his  eyes  and  ears  open  and 
be  ready  to  profit  by  the  experiments,  the  successes,  and  the 
failures  of  other  pilots.  This  borrowed  knowledge  extends  to  a 
variety  of  things,  technical  matters,  cross-country  routes,  the 
quality  and  nature  of  various  aerodromes,  and  so  forth.  It  is  a 
good  plan  to  keep  a  notebook  in  which  to  record  scraps  of  infor- 
mation picked  up  in  this  way  and  which  are  likely  to  prove  of 
use  in  the  future. 

The  system  of  instruction  outlined  above  will  find  many 
ready  critics,  mainly  owing  to  its  long  duration  and  the  expense 
it  necessarily  involves.  The  critic  will  doubtless  quote  the  many 
pilots  who  learnt  to  fly  in  an  hour  or  two  without  any 
adequate  dual  instruction.  The  system  has,  however,  amply 
proved  its  worth.  It  is  the  truest  form  of  economy  in  that  it 
involves  practically  no  "  crashes  "  and  turns  out  thoroughly 
efficient  pilots.  Less  thorough  methods  cost -more  in  the  long 
run  both  in  machines  as  well  as  in  the  lives  of  pupils.  From  a 
commercial  point  of  view  sound  training  is  a  valuable  asset 
since  the  mistakes  of  pilots  are  apt  to  result  in  considerable 
financial  loss,  to  say  nothing  of  the  fact  that  they  bring  aviation 
into  disrepute  with  the  general  public. 


CHAPTER  XXV 
AERIAL  MANOEUVRES 

IT  is  proposed  in  the  following  pages  to  describe  the  various 
standardised  forms  of  manoeuvre  of  which  the  machine 
is  capable  in  the  air.  In  the  case  of  those  which  constitute 
ordinary  flying  as  opposed  to  aerobatics,  i.e.  the  movements 
necessary  to  flight,  the  operation  of  the  controls  by  the  pilot 
is  described.  The  question  of  the  loads  to  which  the  various 
manoeuvres  subject  the  machine  is  also  very  briefly  touched 
upon.  The  illustrations  are  largely  relied  upon  to  describe  the 
more  complicated  evolutions  of  the  machine.  In  order  to  make 
these  simpler  to  understand  a  monoplane  having  the  underside 
of  planes  black  is  shown. 

Diving  in  its  simplest  form  means  adopting  a  downward 
direction  of  flight,  the  machine  maintaining  its  normal  position 
on  its  flight  path.  Gliding  is  a  special  form  of  dive  controlled 
by  the  engine,  the  power  being  cut  off  or  reduced  and  the  machine 
following  an  inclined  flight  path  at  its  normal  speed.  A  machine 
may,  however,  be  controlled  to  dive  vertically.  This  is  done  by 
pushing  forward  the  control  lever  and  thus  giving  the  elevators 
a  considerable  positive  incidence,  a  large  upward  air  reaction 
being  produced  at  the  tail.  The  result  of  this  is  that  the  point 
at  which  the  total  air  reaction  on  the  machine  acts  moves  aft 
of  the  centre  of  gravity  and,  in  order  to  restore  equilibrium,  the 
machine  has  to  dive.  The  manoeuvre  may  be  regarded  in  an- 
other manner.  The  upward  air  reaction  on  the  tail  may  be 
considered  as  lifting  it  and  thus  reducing  the  angle  of  incidence 
of  the  main  planes.  The  speed  must,  therefore,  increase.  As 
the  power  is  unaltered,  this  must  be  achieved  by  gravity,  and 
the  machine  loses  height  or  dives. 

The  loads  to  which  the  actual  dive  subjects  the  machine 
depend  simply  upon  the  speed  of  the  dive.  During  the  dive 
13 


I94  THE  COMPLETE  AIRMAN 

the  incidence  is  so  reduced  as  to  alter  the  lift  forces  but  little. 
The  drift  forces  are,  however,  very  considerably  increased. 
Some  small  machines  are  so  designed  that  they  will  support 
the  maximum  drift  forces  that  can  be  brought  into  play.  In 
this  case  if  the  machine  is  put  into  a  vertical  dive  it  increases 
its  forward  speed  until  the  drag  forces  induced  become  just 
equal  to  the  weight  of  the  machine.  It  then  continues  to  dive 
vertically  at  this  speed.  It  is,  of  course,  practically  impossible 
to  design  a  large  machine  of  sufficient  strength  to  withstand 
treatment  of  this  kind.  The  larger  the  machine,  the  less  the 
speed  at  which  it  can  safely  be  dived.  An  aeroplane  is  not 
often  broken  by  diving.  It  is  the  subsequent  pulling  out  of 
the  dive  that  is  the  danger  point.  To  come  out  of  a  dive  the 
control  lever  must  be  eased  back  gently.  The  effect  of  this  is 
gradually  to  increase  the  incidence  of  the  main  planes,  thus 
causing  the  lift  to  increase  and  the  flight  path  to  become  more 
horizontal.  The  effect  of  attempting  to  pull  out  quickly  is  as 
follows.  Suppose  that  a  machine,  which  normally  flies  level  at  80 
m.p.h.,  be  dived  at  160  m.p.h.  If  the  control  lever  be  suddenly 
pulled  back  during  the  dive  the  incidence  of  the  main  planes 
will  be  increased  to  more  than  its  value  for  normal  flight.  The 
lift  forces  on  the  planes  vary  as  the  square  of  the  machine's 
air  speed.  The  forces  brought  into  play  may  therefore  be  many 
times  greater  than  those  to  which  it  is  subject  in  normal  flight. 
Any  machine  can  be  broken  in  the  air  by  suddenly  being  pulled 
out  of  a  steep  nose  dive. 

Stalling  consists  of  pulling  back  the  control  lever  and  in- 
creasing the  incidence  of  the  main  planes  beyond  the  point 
of  maximum  lift,  as  shown  by  the  Kj  curve  in  Fig.  24.  If  a 
machine  is  flying  level  and  the  control  lever  is  gradually  pulled 
back,  the  speed  is  reduced  until  the  minimum  speed  of  flight 
is  reached.  At  this  point  the  feel  of  the  machine  becomes 
very  "  sloppy,"  movements  of  the  control  being  very  ineffective 
and  the  control  lever  offering  very  slight  resistance  to  movement. 
The  feel  of  the  control  always  warns  the  pilot  when  he  is  ap- 
proaching the  stalling  point.  If  the  pilot  attempts  to  reduce 
the  speed  below  this  minimum  by  continuing  to  hold  the  control 
back,  the  machine  stalls,  and  all  control  is  momentarily  lost. 
The  machine  first  commences  to  drop  bodily,  or  "  pancake  " 
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as  it  is  termed.  This  motion  brings  into  play  an  entirely  new 
kind  of  air  reaction.  The  centre  of  pressure  travels  rapidly 
aft,  the  result  being  that  the  machine  suddenly  drops  its  nose 
and  commences  to  dive.  Until  the  machine  has  dived  a 
sufficient  distance  to  recover  its  flying  speed,  the  pilot  is  unable 
to  control  it.  The  manoeuvre  involves  no  danger  when  done 
at  a  height  sufficient  to  allow  the  machine  to  regain  flying 
speed.  If  a  stall  is  allowed  to  occur  near  the  ground,  the  con- 
sequences are  usually  disastrous.  Tail-sliding,  which  on  most 
machines  is  a  very  dangerous  form  of  acrobatic,  may  be  brought 
about  by  pulling  the  machine  up  almost  vertically  to  stall  it ; 
it  may  then  tail-slide  backwards  for  some  little  distance  before 
it  drops  into  its  dive  When  the  machine  is  stalled  at  all 
suddenly,  the  change  of  the  conditions  of  air  flow  which  accom- 
pany the  manoeuvre  is  particularly  apparent.  The  machine 
drops  its  nose  into  a  vertical  dive  very  suddenly. 

Zooming  consists  of  utilising  the  speed  and  kinetic  energy 
which  a  machine  has  in  excess  of  its  minimum  flying  speed  for 
the  purpose  of  climbing.  The  control  lever  is  quickly  piilled 
back,  and  the  machine  climbs  and  loses  speed  in  consequence. 
The  control  lever  is  then  pushed  forward  again  before  the  stalling 
point  is  reached.  This  manoeuvre  may  subject  the  machine 
to  severe  loads  in  exactly  the  same  manner  as  pulling  out  of 
a  dive  doe?,  and  it  must  therefore  be  practised  with  a  con- 
siderable amount  of  care. 

The  art  of  landing  is  very  intimately  connected  with  the 
question  of  stalling.  To  land  a  machine  it  is  glided  down  at 
a  slow  speed,  allowing  a  reasonable  margin  of  safety  over  the 
stalling  speed.  As  it  approaches  the  ground  it  is  flattened 
out,  the  control  lever  being  so  manipulated  as  to  cause  it  to 
continue  its  glide  with  its  wheels  about  two  feet  off  the  ground. 
As  the  engine  is  off,  the  machine  loses  speed  continuously,  and 
in  order  to  keep  the  machine  off  the  ground  the  control  lever 
has  to  be  pulled  farther  and  farther  back,  the  machine  being 
forced  to  adopt  a  greater  and  greater  angle  of  incidence  in  order 
to  maintain  its  weight.  At  some  point  B  (Fig.  124)  it  reaches 
its  angle  of  maximum  lift  or  its  stalling  point,  and  pancakes 
gently  on  to  the  ground.  Birds  may  be  watched  performing 
exactly  the  same  manoeuvre. 
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The  causes  of  bad  landings  may  be  considered. 
One  cause  consists  of  not  flattening  out  soon  enough  ; 
the  machine  consequently  strikes  the  ground  at  too 
high  a  speed  and  bounces  into  the  air  again.  Again 
the  machine  may  be  allowed  to  settle  on  to  the 
ground  before  its  actual  minimum  flying  speed  is 
reached.  This  may  do  little  harm.  On  rough  ground, 
however,  the  jarring  due  to  the  running  on  its  wheels 
at  an  excessive  speed  may  strain  it.  Another  form 
of  bad  landing  consists  of  flattening  out  too  high  up. 
This  means  that  the  final  pancake,  instead  of  being 
from  one  or  two  feet,  may  be  from  several,  a  serious 
shock  being  the  result.  In  an  exceptionally  bad 
landing  of  this  type  the  machine  may  even  have  time 
to  commence  to  drop  its  nose  as  in  a  stall,  in  which 
case  it  will  probably  turn  over.  It  is  important  that 
the  machine  should  be  level  laterally  when  it  strikes 
the  ground,  otherwise  the  landing  shock  is  all  con- 
4  centrated  on  one  side  of  the  undercarriage. 
«  Another  not  infrequent  cause  of  bad  landings  is 
2  drift.  If  the  machine  is  not  landed  exactly  into  the 
wind,  it  will  have  a  certain  amount  of  drift,  i.e.  it 
will  be  travelling  in  a  slightly  crab-wise  manner 
relative  to  the  ground.  If  it  is  landed  whilst  so 
travelling,  a  serious  side-shock  to  the  undercarriage 
will  result. 

Occasionally  it  is  necessary  to  land  more  or  less 
across  the  wind.  These  cross-wind  landings  are 
made  as  follows.  The  machine  is  canted  in  such  a 
manner  that  the  up-wind  planes  are  lower.  This 
causes  it  to  side-slip  into  wind,  the  extent  of  the 
side-slip  being  controlled  by  the  amount  of  the  bank. 
This  side-slip  is  so  adjusted  that  it  just  neutralises 
the  drift  effect.  It  is,  of  course,  necessary  that  the 
machine  should  land  on  one  wheel  first.  To  land  a 
machine  successfully  in  this  manner  demands  a  con- 
siderable degree  of  skill. 

The  turning  of  the  aeroplane  may  now  be  con- 
sidered. Suppose  the  pilot  wishes  to  turn  to  the  right. 


AERIAL  MANOEUVRES  197 

The  first  thing  he  does  is  to  push  the  control  lever  towards  the 
right,  causing  the  machine  to  commence  to  take  a  right  bank.  It 
is  very  important  that  the  bank  should  be  commenced  first. 
Were  the  rudder  harshly  applied  first,  an  outward  side-slip  would 
be  encouraged,  and  this  might  very  easily  cause  the  machine 
to  spin.  As  the  machine  begins  to  take  its  bank  the  right 
rudder  is  gently  applied.  This  will  cause  the  machine  to  begin 
turning  to  the  right.  It  has  also  the  effect  of  making  the 
machine  drop  its  nose.  In  order  to  counteract  this,  the  control 
lever  must  be  pulled  back  somewhat. 

The  dropping  of  the  machine's  nose  as  the  rudder  is  applied 
is  due  to  the  following  cause,  illustrated  in  Fig.  125  (which  shows 
a  machine,  as  seen  from  behind,  turning  to  the  right).  The  air 
reaction  on  the  rudder  is  shown  by  PR.  This  may  be  resolved 
into  PRH,  which  acts  horizontally  and  causes  the  turn,  and  PRV, 
which  acts  vertically  and  has 
no  effect  on  the  turn,  but 
simply  causes  the  machine 
to  drop  its  nose.  If  a  PRV 

machine     is     turning    very  KIG.  125. 

rapidly,  and  is  banked  verti- 
cally, the  rudder  ceases  to  act  at  all  as  such,  the  elevators 
acting  solely  as  a  rudder  and  the  rudder  itself  simply  serving 
to  control  the  horizontal  attitude  of  the  fuselage.  The  gradual 
sharing  of  functions  between  elevator  and  rudder  during  a  turn 
might  appear  to  be  somewhat  confusing  to  the  pilot.  As  a 
matter  of  fact,  during  his  earlier  flights  only  is  this  the  case. 
The  combined  use  of  elevator  and  rudder  in  a  turn  becomes 
entirely  instinctive  with  practice. 

To  return  to  the  machine,  which  has  been  left  commencing 
its  turn — the  bank  is  now  adjusted  by  lateral  movement  of  the 
control,  according  to  the  rapidity  with  which  it  is  desired  to  turn. 
The  rudder  is  applied  sufficiently  to  prevent  either  inward  or  out- 
ward side-slip,  the  absence  of  which  may  be  checked  by  observ- 
ing that  the  cross-bubble  is  central.  The  control  lever  is  pulled 
back  in  its  lateral  position  sufficiently  to  keep  the  nose  of  the 
machine  level  and  to  counteract  the  diving  tendency  introduced 
by  the  rudder.  When  the  machine  has  turned  sufficiently,  the 
process  is  exactly  reversed.  The  rudder  is  first  centralised  or 
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even  reversed.  The  bank  is  then  taken  off,  the  lateral  position  of 
the  control  lever  being  reversed  in  order  that  this  may  be  done. 
The  control  lever  is  pushed  forward  again  at  the  same  time. 
The  analysis  of  the  control  of  a  turn  is  somewhat  cumbersome. 
The  actual  evolution  is  effected  simply  by  swinging  the  control 
lever  in  a  more  or  less  circular  manner,  the  rudder  at  the  same 


FIG.  126. 

time  being  operated  by  the  feet.  The  extra  loads  on  the  structure 
induced  by  a  turn  are  not  usually  very  great.  Apart  from  the 
controlling  forces  transmitted  from  the  tail  through  the  fuselage 
structure  they  consist  simply  of  the  centrifugal  force  induced  by 
the  turn,  which  is  supported  by  the  outward  component  of  the  lift 
force  on  the  main  planes. 
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To  side-slip  a  machine  the  control  lever  is  simply  pushed 
over  to  one  side  and  held  there  as  long  as  it  is  desired  that  the 


FIG.  127. 

side-slip,  resulting  from  the  laterally  inclined  position  of  the 
machine,  should  continue.     The  rudder  has  also  to  be  operated 


FIG.  128. 


in  order  to  prevent  the  machine  from  dropping  its  nose.     The 
centre  of  side  pressure  being  aft  of  the  centre  of  gravity  of  the 
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machine,  it  is  the  air  reaction  on  the  lateral  surfaces 
which  causes  the  machine  to  drop  its  nose.  The  rudder 
is  used  to  counteract  this  tendency  in  exactly  the  same 
manner  as  it  is  used  to  counteract  a  similar  tendency 
in  a  vertically  banked  turn.  The  forward  speed  of  a 
machine  when  side-slipping  is  maintained  at  its  normal 
value,  so  that  when  the  bank  is  removed  the  machine 
does  not  have  to  stall  and  dive  prior  to  resuming 
normal  flight. 

Looping  is  a  comparatively  simple  acrobatic.     It 
is  illustrated  in  Fig.  126.     The  machine  is  flown  or 
dived  if  necessary  at  a  sufficient  speed  to  ensure  its 
going  over  without  stalling  in  the  upside-down  position. 
The  control  lever  is  then  pulled  gently  backwards, 
and  the  machine  follows  the  path  indicated  in   the 
figure.     If   the  evolution  is  properly  performed   the 
centrifugal  force  is  sufficient  to  maintain  the  pilot  in 
his  seat  even  in  the  upside-down  position.     One  of 
the  most  curious  sensations  of  looping  is  afforded  by 
sitting  in  the  machine  and  observing  the  earth  above 
instead  of   below.      In  order   to   help  the   loop  the 
I          engine  is  kept  full  on  till  just  past  the  top  of  the  loop. 
j  A      it  being  then  throttled   back  so  as  not    to  exert  a 
downward  pull  during  the  dive.     The  point  of  danger 
in  a  loop  is  when  the  machine  is  just  entering.     Its 
speed  is  then  high,  and  any  sudden  pulling  back  of 
the  control  lever  may  induce  very  serious  loads  on 
the  wing  structure. 

Rolling  is  shown  in  Fig.  127.  The  machine  follows 
a  corkscrew  path,  continuing  to  fly  forwards  in  the 
same  direction. 

The  Immelman  Turn,  which  was  developed  before 
the  roll  proper,  is  shown  in  Fig.  128.  The  manoeuvre 
commences  with  the  first  half  of  a  roll.  When  the 
machine  is  on  its  back,  instead  of  completing  the  roll, 
it  does  the  second  half  of  a  loop  and  comes  out  of 
the  manoeuvre  flying  in  the  opposite  direction.  It 
is  the  quickest  method  of  reversing  the  direction  of 
flight,  and  was  first  developed  by  the  German 
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airman     Immelman    as    a    means    of    eluding    attack    from 
the  rear. 

The  spin  consists  of  descending  vertically,  the  machine 
spinning  round  during  the  descent.  The  vertical  downward 
velocity  of  the  machine  is  not  very  great,  and  excessive  loads 
are  consequently  not  induced.  The  spin  is  illustrated  in  Fig. 
129.  The  machine  adopts  a  position  such  that  the  inclination  of 
the  main  planes  is  greater  than  the  stalling  angle,  and  a  consider- 
able air  reaction  is  thus  induced.  The  manoeuvre  is  perfectly 
controllable  and  is  much  used  by  fighting  pilots  to  escape  from 
an  awkward  situation. 

The  loads  on  the  structure  of  the  machine  induced  by  spin- 
ning, looping,  and  rolling,  if  these  are  properly  performed,  are 
about  three  times  the  normal. 


CHAPTER  XXVI 
PRACTICAL  FLYING 

IT  is  proposed  to  devote  this  chapter  to  what  might  be  called 
"  advice  to  the  young  pilot/'  It  is  simply  a  collection  of 
rules  and  facts  which  are  the  outcome  of  experience.  It  is 
hoped  that  the  pupil  pilot  will  find  much  that  is  useful  to  him, 
and  that  those  less  directly  connected  with  the  actual  flying  of  a 
machine  may  perhaps  be  led  to  see  certain  of  the  pilot's  diffi- 
culties from  the  pilot's  point  of  view.  The  experienced  pilot  will 
find  little  or  nothing  here  that  is  new.  He,  however,  is  often  not 
so  staid  and  balanced  as  the  somewhat  dogmatic  "  dos  "  and 
"  don'ts  "  of  this  chapter  would  ask  him  to  be.  Whilst  knowing 
the  danger  of  what  he  does,  his  occasional  exuberance  of  spirit 
will  lead  him  out  of  bounds.  He  will  nevertheless  always  be 
the  first  to  agree  that  the  soundest  pilot  is  the  one  who  most 
conscientiously  avoids  taking  unnecessary  risks. 

The  rules  of  the  air,  expressed  very  briefly,  are,  keep  to  the 
right,  give  way  to  a  machine  approaching  on  the  right-hand  front 
quarter,  and  avoid  a  machine  that  is  being  overtaken.  The  rule 
of  the  ground  is  that  a  taxying  machine  gives  way  to  a  machine 
that  is  taking  off  or  landing.  There  is  only  one  really  safe  rule, 
and  that  is  always  to  avoid  another  machine  and  never  to  rely 
on  it  performing  its  share  of  the  contract.  Accidents  due  to 
collision  in  the  air  are  fortunately  rare.  Their  results  are  gener- 
ally fatal.  They  are  only  likely  to  occur  at  places  where  there 
is  congestion,  such  as  over  a  busy  aerodrome.  The  commonest 
cause  is  two  pilots  coming  in  to  land  at  the  same  time,  each  of 
them  so  intent  on  the  aerodrome  alone  that  the  other  machine 
escapes  his  notice.  The  obvious  rule  is  to  cultivate  the  habit  of 
glancing  round  periodically  for  other  machines,  and,  if  another 
machine  is  in  the  neighbourhood,  to  assume  that  its  pilot  has  not 
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taken  the  same  precaution.  Never  cut  in  front  of  another 
machine  in  order  to  land. 

Before  a  flight  the  pilot  should  always  make  a  point  of  having 
a  few  words  with  the  mechanics  who  have  been  working  on  the 
machine.  This  is  partly  for  his  own  satisfaction,  it  being  essential 
that  he  should  know  all  there  is  to  know  about  its  condition.  His 
remarks  should,  however,  be  designed  for  their  satisfaction  as 
much  as  for  his  own.  If  they  are  keen  on  their  work  they  them- 
selves have  a  very  personal  interest  in  the  machine.  This  spirit 
must  be  fostered  and  developed.  Nothing  tends  to  do  this  so 
much  as  a  feeling  of  co-operation,  and  this  the  pilot  alone  can 
engender. 

The  pilot's  first  action  on  getting  into  the  machine  should 
be  to  test  the  controls  to  ensure  that  they  work  freely  and  are 
not  jammed  in  any  way.  After  running  up  the  engine  (which 
subject  is  discussed  in  another  part  of  the  book)  he  is  ready 
to  taxy  out  into  a  suitable  position  for  taking  off.  The  machine 
should  always  be  taxied  to  the  place  which  allows  it  the  longest 
take-off  possible,  even  if  it  is  of  a  type  which  takes  off  very 
quickly.  Every  foot  of  height  gained  before  leaving  the  aero- 
drome is  of  advantage  in  the  event  of  the  engine  giving  trouble, 
and  it  is  just  when  taking  off  that  it  is  most  prone  to  do  this. 

There  are  several  points  of  importance  as  regards  taxying. 
Many  tractor  machines  when  on  the  ground  are  very  blind  in 
front.  The  nose  then  being  very  high,  the  pilot's  view  is  very 
much  obscured  by  the  engine.  It  is  for  this  reason  compara- 
tively easy  to  taxy  into  an  obstacle  that  is  straight  ahead.  It 
is  wise  also  to  keep  an  eye  down-wind,  since  it  is  from  this 
direction  that  other  machines  will  land.  Another  most  im- 
portant rule  is  always  to  glance  behind  before  taking  off  in  order 
to  ensure  that  no  other  machine  is  landing  in  the  line. 

The  modern  machine  may  be  fairly  complicated  owing  to  the 
number  of  different  controls  with  which  it  is  fitted.  These  all 
have  a  correct  position  for  taking  off  or  landing.  The  fact  that 
one  of  them  is  set  wrongly  may  make  considerable  difference 
to  the  machine  at  these  most  important  times.  The  pilot 
must  form  the  habit  of  checking  them.  A  simple  device  for 
aiding  the  memory  while  checking  is  to  form  a  word  of  the 
initial  letters  of  the  controls  to  be  attended  to,  always  using 
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this  and  checking  the  controls  in  the  same  order.  For  example, 
the  word  TAPS,  meaning  Tail  control,  Altitude  control,  Petrol 
taps,  Spark  (ignition)  control.  When  a  machine  has  an  adjust- 
able tail  plane  control  this  should  usually  be  set  in  mid-position 
for  taking  off,  and  full  back,  giving  the  slowest  glide,  for  landing. 
It  is  essential  that  the  petrol  taps  should  be  set  in  such  a  position 
as  to  give  the  maximum  supply  without  relying  upon  wind- 
driven  pumps.  The  ignition  must  be  fully  advanced  and  the 
altitude  control  fully  closed  in  order  to  ensure  the  engine's  open- 
ing up  sweetly  and  giving  its  full  power.  One  of  the  commonest 
faults  observed  in  taking  off  is  that  the  throttle  valve  is  too 
rapidly  opened  and  the  engine  consequently  choked. 

A  not  uncommon  source  of  accident  is  due  to  engine  failure 
immediately  after  having  taken  off.  When  the  machine  has  left 
the  ground  it  is  climbed,  usually  fairly  steeply,  in  the  upwind 
direction.  When  the  engine  fails  the  pilot  is  tempted  to  turn 
down- wind  and  get  back  into  the  aerodrome.  The  reason 
that  the  manoeuvre  so  frequently  leads  to  disaster  is  that  he 
watches  the  ground  as  he  turns,  forgetting  that  as  he  is  turning 
down-wind  he  must  (in  order  to  maintain  the  same  air  speed) 
increase  his  ground  speed  by  twice  the  speed  of  the  wind,  and 
consequently  he  stalls  on  the  turn.  As  he  has  probably  in- 
sufficient height  to  recover  from  the  stall,  the  machine  dives  into 
the  ground. 

The  question  of  turning  up  and  down  wind  is  one  much 
discussed  amongst  pilots,  turning  down-wind  near  the  ground 
often  being  regarded  as  dangerous.  As  a  matter  of  fact,  there 
is  no  difference  whatever,  provided  that  the  pilot  flies  by  the 
nose  of  the  machine  and  not  by  watching  the  ground.  "  Fly- 
ing by  the  nose  of  the  machine "  means  always  judging  the 
attitude  of  the  machine  by  the  position  which  its  nose  occupies 
on  the  horizon.  Whether  the  machine  is  flying  in  still  or  in 
moving  air  does  not  matter  in  the  least.  It  is  simply  carried 
along  in  the  air  and  (relative  to  the  ground)  has  the  air  speed 
added  to  its  own.  An  appropriate  illustration  is  that  of  a  fly 
flying  about  in  a  moving  railway, carriage.  The  danger  of  flying 
down-wind,  as  remarked  in  the  previous  paragraph,  arises 
entirely  from  watching  the  ground.  If  one  is  flying  near  the 
ground,  it  is  certainly  wise  to  fly  up-wind  as  much  as  possible, 
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since,  if  for  some  reason  a  landing  has  to  be  effected,  the 
machine  is  in  a  position  to  make  it.  What  height  it  has  may 
be  utilised  in  choosing  the  best  spot  and  need  not  be 
wasted  in  the  turn  into  wind  which  would  otherwise  be 
necessary.  It  is  usually  found  to  be  more  bumpy  flying 
down- wind.  The  bumps  are  due  to  air  currents  caused  by 
inequalities  of  the  ground.  The  ground  speed  being  greater 
down-wind,  more  of  these  bumps  are  encountered. 

It  is  now  proposed  to  discuss  a  few  rules,  the  strict  obser- 
vance of  which  should  go  far  to  prevent  such  accidents  as  occur 
at  the  present  time. 

When  flying  from  place  to  place  always  fly  at  a  reasonable 
height.  The  main  reason  for  this  is  that  if  engine  trouble  does 
necessitate  a  landing,  the  higher  the  machine  is,  the  greater 
the  choice  of  landing  ground.  Moreover,  the  engine  failure  may 
be  due  to  a  petrol  tap  having  become  closed  or  to  some  similar 
trivial  cause,  and  the  higher  the  machine  is,  the  more  the  time 
available  to  discover  and  to  remedy  matters  of  this  kind.  It 
is  probable  also  that  the  machine  has  an  adjustable  tail  and 
flies  normally  at  a  speed  much  greater  than  its  gliding  speed. 
In  this  case  time  is  necessary  for  the  pilot  to  re-trim  the  tail 
by  means  of  the  wheel  and  also  to  accustom  himself  to  the  changed 
conditions  of  speed.  A  much  wider  range  of  vision  is  obtained 
as  the  height  is  increased,  which  makes  it  easier  to  find  the  way. 
The  direction  of  the  wind  has  a  certain  influence.  The  speed 
of  the  wind  usually  increases  with  height.  It  is  therefore  not 
economical  to  fly  at  too  great  a  height  if  the  course  is  against 
the  wind. 

Never,  unless  it  be  absolutely  unavoidable,  fly  over  obstacles 
at  a  height  insufficient  to  allow  the  machine  to  glide  clear 
of  them  in  case  of  necessity.  By  obstacles  are  meant  woods, 
towns,  etc.  Local  rainstorms  should  not  be  flown  through 
if  they  can  be  avoided.  Rain  is  very  bad  for  the  machine 
and  propeller  ;  moreover,  it  is  never  quite  certain  how  severe  the 
conditions  may  turn  out  to  be  inside  the  storm.  Snow  is  an 
element  to  be  treated  with  very  great  caution  since  extremely 
dangerous  air  conditions  frequently  accompany  a  snowstorm ; 
it  is  also  practically  impossible  to  see  in  it.  Snow  is  particu- 
larly dangerous  to  airships.  This  is  due  to  the  fact  that  it  settles 
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on  the  upper  surface  of  their  hulls  and  so  adds  to  their  weight 
that  they  can  no  longer  maintain  themselves  in  the  air. 

Never  fly  a  machine  too  near  its  limit  of  fuel.  A  pilot  is 
often  tempted  to  try  just  to  get  home  with  too  little  petrol.  It 
is  much  better  to  land  the  machine  and  await  supplies  than  to 
run  any  risk  of  a  crash. 

Never  fly  a  machine  the  mechanical  and  control  details 
of  which  are  not  familiar.  This  seems  a  very  obvious  thing 
to  avoid.  It  is,  however,  very  frequently  done,  and  often  with 
serious  results.  It  is  not  sufficient  to  know  that  when  a  certain 
tap  is  turned  a  particular  thing  happens.  The  reason  why  it 
happens  should  also  be  understood.  The  quick  diagnosis  of  a 
fault  in  the  air  often  enables^the  pilot  to  correct  it,  but  unless 
the  mechanism  of  the  machine  is  thoroughly  understood  this 
diagnosis  is  practically  impossible. 

Low  "  stunting/'  as  it  is  called,  is  the  most  dangerous  practice 
in  which  the  pilot  can  indulge.  Many  really  expert  pilots  have 
suffered  injury  owing  to  giving  way  to  this  vice.  In  fact,  it 
can  safely  be  said  that  any  pilot  who  habitually  amuses  him- 
self in  this  manner  will  ultimately  come  to  grief.  It  is  only 
proximity  to  the  ground  that  can  give  a  true  sense  of  the  speed 
of  the  machine,  and  few  sensations  are  more  exhilarating  than 
rushing  smoothly  along  at  the  rate  of  a  hundred  or  more  miles  an 
hour,  jumping  over  houses,  banking  between  trees  and  the  like. 
It  is  small  wonder  that  the  practice  attracts.  None  the  less,  the 
pilot  who  is  to  make  flying  his  business  must  eschew  it  since  the 
slightest  mistake  may  cost  a  machine  and  possibly  also  a  life. 

The  subject  of  forced  landings  is  one  deserving  of  a  certain 
amount  of  discussion.  The  reliability  of  the  modern  engine 
has  made  them  of  very  infrequent  occurrence.  They  must, 
however,  occur  occasionally  with  certain  types  of  machines,  and 
the  pilot  must  therefore  be  prepared  to  deal  with  them.  When 
he  is  learning  to  fly  he  is  taught  to  judge  every  landing  he  makes. 
The  subsequent  possession  of  an  apparently  perfectly  reliable 
engine  may  tempt  him  into  the  habit  of  always  relying  on  it 
when  landing.  Habitually  flying  in  at  a  height  of  fifty  feet  "or 
so,  and  then  shutting  off  the  engine  to  land,  soon  causes  hinxto 
lose  that  judgment  which  is  essential  to  landing  from  a  height 
without  the  engine. 
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Suppose  that  at  a  height  of  some  five  thousand  feet  the  engine 
suddenly  seizes  up.  The  pilot's  first  problem  is  to  select  a  suitable 
field  within  his  gliding  range  in  which  to  land.  In  choosing  the 
field  he  must  have  regard  to  the  wind  direction.  To  ascertain  this 
may  not  be  easy.  It  can  be  done  by  observing  the  lateral  drift 
on  the  machine  and  the  direction  of  no  drift,  which  proceeding, 
however,  wastes  valuable  time.  The  pilot  must  cultivate  the 
habit  of  remembering  the  compass  bearing  of  the  wind,  and  he 
should  also  check  it  from  time  to  time  when  passing  over  smoking 
chimneys.  His  field  should  provide  a  long  run  up-wind.  It 
should  also  be  level  so  far  as  he  can  judge.  Slopes,  if  gentle, 
are  practically  invisible  from  the  air.  They  must  be  inferred 
rather  than  seen.  The  colour  of  the  ground,  the  nature  of  the 
surface,  the  position  of  water,  and  any  other  available  clues  must 
be  utilised.  Small  ridges  or  ditches  will  show  up  well  from  above. 
Surface  conditions  must  also  be  considered.  Grass  is  usually 
safest,  although  in  the  autumn  stubble  provides  excellent  landing. 
At  times  it  is  necessary  to  land  in  long  grass,  crops,  or  even 
water.  In  these  cases  the  machine  must  always  be  somewhat 
severely  pancaked,  the  landing  having  to  be  made  as  slowly  as 
possible  since  otherwise  the  drag  on  the  axle  would  immediately 
turn  the  machine  on  to  its  nose.  In  fact,  in  the  case  of  forced 
landings  the  actual  landing  should  always  be  made  very  slowly 
as  the  ground  may  always  be  expected  to  be  rough.  In  the  case 
of  a  landing  on  unknown  ground  in  circumstances  such  that  the 
engine  is  available,  the  machine  should  always  be  flown  at  a  height 
of  a  few  feet  across  the  patch  of  ground  on  which  it  is  proposed  to 
land.  This  preliminary  examination  will  often  reveal  some  hidden 
pitfall.  Even  when  landing  at  an  unknown  aerodrome  the  wise 
pilot  will  always  fly  round  once  or  twice  before  alighting. 

Having  selected  a  landing  ground,  the  next  problem  is  to 
get  into  it.  This  is  entirely  a  matter  of  skill  and  judgment.  To 
spiral  down  is  not  usually  wise,  as  half  the  time  that  the  machine 
is  in  the  spiral  the  chosen  ground  is  out  of  sight.  The  most 
satisfactory  device  is  to  do  a  series  of  "  figure  8's  "  on  the  down- 
wind side  of  the  field.  In  this  way  it  is  kept  continuously  in 
sight,  and  the  pilot  is  not  likely  suddenly  to  find  himself  with 
insufficient  height  to  glide  in.  The  final  glide  in  calls  for  the 
most  accurate  judgment,  specially  if  the  space  available  to  land 
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in  is  very  limited.  It  is  the  wind  which  makes  the  judgment  of 
the  glide  difficult.  It  will  readily  be  understood  that  the  stronger 
the  wind,  the  steeper  the  angle  relative  to  the  ground.  The 
accurate  judgment  of  the  glide  is  greatly  facilitated  by  side- 
slipping. The  glide  itself  is  so  judged  that  the  machine  will 
overshoot,  the  amount  of  the  overshoot  being  lost  by  side- 
slipping just  before  the  boundary  of  the  field  is  crossed. 

After  landing,  the  pilot's  first  care  must  be  for  his  machine. 
If  it  seems  unlikely  that  he  will  be  able  to  get  off  the  same  day, 
all  possible  provision  must  be  made  for  its  protection.  If  the 
shelter  of  trees  is  available  the  machine  should  be  wheeled  into 
it.  The  machine  should  also  be  fastened  down,  particularly  if 
there  is  a  strong  wind  or  one  appears  likely  to  rise.  Lashings 
to  firmly  driven  stakes  under  the  wing  tips  and  tail  usually 
suffice.  Covers  of  some  kind  should  be  obtained  for  engines  and 
cockpits.  The  re-starting  of  the  engines  will  probably  be  facili- 
tated if  some  attention  is  paid  to  the  magnetos.  These  should 
be  packed  round  with  rags  to  protect  them  from  moisture.  Steps 
should  be  taken  to  keep  sight-seers  from  the  machine.  In  cold 
weather,  if  the  engine  be  water-cooled,  a  point  of  the  highest  im- 
portance is  to  run  out  every  drop  of  water  immediately  the  engine 
stops. 

The  question  of  maps  is  an  important  one.  Special  air  charts 
are  not  yet  printed.  As  the  demand  grows  doubtless  they  will 
be.  They  will  be  designed  to  show  the  ground  as  it  appears  from 
the  air,  accentuating  those  landmarks  which  are  most  distinctive 
and  relegating  others  to  their  proper  position  in  the  scale.  Most 
ordinary  maps  show  the  roads  in  particular  relief.  In  England 
(not,  however,  to  the  same  extent  abroad)  roads  are  the  worst 
possible  aerial  landmark.  From  the  air,  main  and  by-roads 
appear  very  similar  and  the  whole  road  system  appears  as  a  most 
complicated  network.  The  landmarks  used  by  the  pilot,  given 
here  in  the  order  of  their  distinctiveness,  are  :  lakes,  seacoasts, 
canals,  towns,  large  woods,  railways,  rivers,  villages,  roads. 
Maps  for  aerial  use  should  have  all  water  shown  very  plainly. 
Woods  also  should  be  shown  distinctively,  their  shape  being  care- 
fully marked.  The  railways  should  be  marked,  showing  the 
number  of  tracks.  Maps  should  be  marked  with  latitude  and 
longitude  for  navigational  purposes,  and  they  should  also  show 
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the  magnetic  variation.  When  a  series  of  maps  is  used  it  is 
a  great  advantage  if  the  various  sheets  have  a  small  marginal 
overlap.  The  most  useful  scale  for  ordinary  cross-country  work 
is  4  miles  to  the  inch.  Large  maps  are  often  awkward  things  to 
handle  in  a  confined  and  draughty  cockpit.  Fig.  130  shows 
an  exceedingly  convenient  way  of  folding  maps.  It  will  be  noted 
that  any  point  can  be  referred  to  without  completely  unfolding 
the  map. 


FIG.  130. 


CHAPTER   XXVII 
AERIAL  NAVIGATION 

THE  science  of  steering  an  aeroplane  from  place  to  place 
is  termed  navigation  or  pilotage.  Pilotage  consists  of 
following  a  series  of  landmarks  on  the  ground,  either 
from  memory  or  by  the  use  of  a  map.  When  reference  to  land- 
marks is  impossible,  as  in  crossing  the  sea,  flying  above  clouds,  or 
flying  by  night,  other  methods  of  calculating  and  steering  a 
course  must  be  adopted.  These  comprise  the  science  of  naviga- 
tion. The  conditions  are  practically  the  same  as  those  obtaining 
in  the  case  of  a  ship  at  sea  when  out  of  sight  of  land.  It  is  pro- 
posed here  to  discuss  the  methods  adopted  in  flying  a  machine 
from  one  point  to  another  without  reference  to  intermediate 
landmarks. 

In  the  case  of  a  ship  at  sea,  latitude  and~longitude  can  be 
checked  accurately  by  sextant  observations  on  the  sun  or  stars. 
This  can  also  be  done,  although  less  accurately  on  the  larger  types 
of  aircraft.  Except  on  very  long  journeys,  however,  it  is  un- 
necessary, and  this  method  of  fixing  position  will  therefore  not  be 
described  here. 

The  instrument  on  which  the  navigator  chiefly  relies  is  the 
magnetic  compass.  As  the  needle  always  lies  along  the  lines  of 
the  earth's  magnetic  field  it  supplies  a  datum  for  direction. 
Owing  to  the  magnetic  pole  not  being  coincident  with  the  geo- 
graphical pole,  the  correction,  termed  variation,  necessary  in  order 
to  obtain  the  true  bearing  from  the  magnetic  varies  from  place  to 
place  on  the  earth's  surface.  In  the  case  of  a  long  flight  the 
variation  may  change  by  several  degrees.  For  example,  in  the 
course  of  a  flight  from  the  extreme  West  to  the  extreme  East 
of  the  British  Isles  the  variation  alters  by  about"6°.  All  good 
charts  and  maps  are  marked  with  the  variation  for  the  particular 
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FIG.  131. 


area.     Maps  showing  the  lines  of  equal  variation  over  the  surface 

of  the  globe  are  also  obtainable. 

Some  compasses  are  fitted  with  an  adjustable  lubber  line 

against    which    the    card  may   be    read. 

This  may  conveniently  be   kept    set    at 

the    variation    at    the    point    where    the 

machine  is.     In  Fig.  131  B  is  the  adjust- 
able lubber  line  and  is  shown  set  for  15° 

Westerly    variation.      The    line    B    then 

always  shows  the  true  geographical  course 

on  which  the  machine  is  flying.     Where 

a  type  of  compass  not  so  fitted  is  being 

used  it  is  usually  easiest  to  work  out  and 

fly  all  courses  as  magnetic.     The  variation 

at  Greenwich  is  about  15°  West.     It  may  be  noted  that  15°  must 

then  be  subtracted  from  the  bearing  shown  by  the  compass  in 

order  to  obtain  the  geographical  bearing  on  which  the  machine  is 

flying.  Easterly  variation  must 
always  be  added  to  the  magnetic 
bearing  to  obtain  the  geographical, 
conversely  Westerly  variation  must  be 
subtracted.  Deviation  must  also  be 
allowed  for.  This  is  done  by  adding 
or  subtracting  the  necessary  number 
of  degrees,  as  shown  by  the  compass 
K/T  correction  card  (see  Chapter  XXI). 

f$  \^s        \      This  correction  is  usually  small. 

[       4  ^  £      »; — 'n          If  a  ship  sailed  in  a  currentless 

ocean  or  an  aeroplane  flew  in  a 
windless  sky,  the  problem  of  naviga- 
tion, given  an  accurate  compass  and 
air  speed  indicator,  would  be  a  simple 
one.  The  point  to  point  distance 
and  the  geographical  direction  would 
be  measured  off  on  a  map ;  the  vessel 
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FIG.  132. 


or  machine  would  then  go  on  this  bearing  for  a  time  equal 
to  the  distance  divided  by  its  own  speed.  The  effect  of 
currents  or  winds  has,  however,  to  be  allowed  for,  and  in  this 
lies  the  main  difficulty  of  navigation. 
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A  machine  is  said  to  fly  at  80  miles  an  hour  when  it  moves 
through  the  air  at  that  speed.  If  the  air  through  which  it  is 
travelling  is  itself  moving,  its  velocity  is  added  to  that  of  the 
machine.  The  problem  is  exactly  the  same  as  that  of  a  man 
walking  across  a  moving  pathway  (Fig.  132).  If  he  walks  at 
4  m.p.h.  across  a  pathway  4  yards  wide,  moving  at  3  m.p.h., 
and  walks  facing  in  the  same  direction  (EH)  as  that  in  which  he 
approached  the  pathway,  then,  during  the  time  it  takes  him 
to  cross  the  pathway,  he  will  have  been  conveyed  3  yards 
and  will  step  off  at  the  point  B.  Should  he  wish  to  navigate 
himself  to  the  point  C,  then  on  coming  on  to  the  pathway  he 
would  have  to  change  his  direction  to  HD,  D  being  a  point 
3  yards  on  his  right-hand  side  of  C.  It  will  also  be  noted  that 
the  distance  HD,  which  is  moved  on  the  pathway,  is  longer  than 
HC.  The  pathway  therefore  takes  longer  to  cross  than  would 
be  the  case  were  it  not  moving.  In  other 
(d)  /^  &  words,  the  velocity  of  the  man  in  the  direc- 
tion HC  is  reduced,  although  his  actual 
velocity  relative  to  what  he  is  walking  on 
is  unchanged.  It  is  evident  that  the  prob- 
lem is  exactly  the  same  as  that  of  a  machine 
flying  from  one  point  to  another  in  a  cross 
wind. 

It  has  already  been  stated  that  vector  diagrams  are  applicable 
to  velocities  in  exactly  the  same  manner  as  they  are  to  forces. 
In  the  case  of  a  velocity  the  length  of  the  vector  expresses  its 
magnitude  (say — m.p.h.),  the  angle  its  direction  relative  to 
some  datum,  and  the  arrow-head  its  sense.  If  a  body  be  subject 
to  a  number  of  velocities,  then,  if  the  vectors  representing  these 
velocities  be  set  out  in  order,  the  second  vector  being  drawn 
from  the  end  of  the  first  and  so  on,  the  closing  side  of  the  polygon 
will  be  equal  and  opposite  to  the  resultant  velocity  of  the  body. 
Let  this  be  applied  to  the  case  of  the  man  crossing  the  moving 
pathway.  In  the  first  case  he  (using  bearings)  is  subject  to 
his  own  velocity  of  4  m.p.h.  in  direction  90°,  and  to  a  velocity 
of  3  m.p.h.  in  direction  o°.  His  resultant  velocity  (Fig.  132) 
is  AC  in  direction  XAC.  In  the  second  case  he  is  subject  to 
velocities  4  m.p.h.  in  direction  go0+CHD  and  3  m.p.h.  in 
direction  o°,  and  his  resultant  velocity  is  AC  in  direction  90°. 
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Suppose  that  a  machine  is  flying  on  a  N.E.  course  at  80 
m.p.h.  in  a  Northerly  wind  of  velocity  25  m.p.h.  The  triangle  of 
velocities  is  shown  in  Fig.  133  (b) .  The  actual  course  relative  to  the 
earth,  or  "  track/'  as  it  is  called,  is  in  the  direction  AC,  and  the 
ground  speed,  as  the  speed  relative  to  the  earth  is  called,  is  AC. 

The  problem  with  which  the  navigator  is  faced,  however, 
is  not — "  If  I  fly  a  certain  course  in  a  certain  wind,  in  what 
direction  will  the  machine  be  flying  over  the  ground  ?  " — but 
— "  If  I  want  to  fly  a  certain  ground  course  (track)  in  a  certain 
wind,  on  what  course  must  the  machine  be  flown,  and  what  will  be 
the  speed  relative  to  the  ground  ?  "  This  question  is  solved 
graphically  by  the  triangle  of  velocities  as  follows.  From  any 
point  A  draw  a  line  AB  representing  in  magnitude  and  direction 
the  wind  speed  (25  m.p.h.) .  From  A  draw  a  line  AX  in  the  direction 
of  the  ground  course  on  which  the 
machine  is  to  fly.  With  centre  B 
and  radius  BC  equal  to  the  speed 
of  the  machine,  draw  an  arc  cutting 
AX  in  C.  BC  then  shows  the  course 
on  which  the  machine  must  fly  and 
AC  shows  its  ground  speed.  ABC  is 
the  triangle  of  the  velocities  acting 
on  the  machine.  Similarly  if  the 
machine  is  to  do  the  return  journey,  its  ground  speed  will  be 
AC'  and  it  will  have  to  steer  a  compass  course  BC'. 

To  illustrate  this  main  problem  of  navigation  further  an 
actual  case  may  be  worked  out.  The  wind  speed  at  6000  feet 
is  32  m.p.h.,  and  its  direction,  i.e.  the  point  from  which  it  is 
blowing,  is  230°.  A  machine  is  to  fly  from  Brighton  to  Bristol 
and  Bristol  to  Hull.  Its  air  speed  is  95  m.p.h.  What  bearings 
will  it  have  to  fly  on  and  how  long  will  it  take  on  each  stage  ? 

Brighton  to  Bristol — bearing,  292°  ;  distance,  118  miles. 

Bristol  to  Hull — bearing,  31°  ;  distance,  193  miles.  Draw  AB 
(Fig.  135)  equal  (to  some  convenient  scale)  in  magnitude  and 
direction  to  the  wind  velocity.  From  A  draw  A  Br  and  A  Hu 
parallel  to  the  ground  courses  from  Brighton  to  Bristol  and 
from  Bristol  to  Hull  respectively.  With  centre  B  and  radius 
BC  equal  to  the  machine's  air  speed  draw  an  arc  cutting  A  Br 
at  G!  and  A  Hw  at  C2.  BQ  and  BC2  then  give  the  bearings  on 
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which  the  aeroplane  must  fly  from  Brighton  to  Bristol  and  from 
Bristol  to  Hull  respectively.  ACX  and  AC2  will  give  the  ground 
speeds  of  the  machine  on  each  course.  The  journey  from 
Brighton  to  Bristol  is  made  in  i  hour  34  mins.,  the  true  bearing 
of  the  machine  being  275°.  The  Bristol-Hull  journey  occupies 
I  hour  33  mins.,  and  the  machine  is  flown  on  a  bearing  25°. 
The  average  magnetic  variations  on  the  two  journeys  are  16°  W. 
and  17°  W.  respectively.  Neglecting  errors  due  to  deviation, 
the  compass  bearings  will  therefore  be  291°  and  42°. 


Hu 


Br 


FIG.  135. 

The  main  difficulty  encountered  in  the  application  of  the 
aforegoing  is  the  correct  determination  of  the  wind  speed. 
The  wind  speed  varies  continuously  at  any  one  place  and  also 
varies  quite  considerably  from  place  to  place.  The  phenomena 
affecting  wind  variation  are  briefly  discussed  in  the  chapter 
on  weather,  and  it  must  here  suffice  simply  to  state  the  conditions 
usually  met  with.  The  speed  and  the  direction  of  the  wind 
are  much  more  variable  near  the  ground ;  local  conditions  being 
responsible  for  this.  At  higher  altitudes  the  conditions  tend  to 
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become  more  uniform  from  place  to  place  and  also  less  variable 
at  any  particular  place.  The  wind  normally  increases  in 
velocity  with  height.  Its  direction  also  changes  slightly,  its 
point  of  origin  usually  moving  in  a  clockwise  direction  as  the 
altitude  increases.  It  is  evident  then  that  if  point  to  point 
navigation  is  to  be  reasonably  accurate  the  machine  must  fly 
fairly  high.  Even  in  these  conditions  errors  will  occur  due  to 
the  inevitable  wind  variations.  The  variations  to  be  expected 
will  depend  on  the  variability 
of  the  weather  conditions  in 
the  neighbourhood. 

An  instrument  which  en- 
ables the  navigator  to  correct 
for  wind,  and  also  to  observe 
wind  variations,  is  the  "  Drift 
Sight "  shown  in  Fig.  136.  It 
consists  of  a  fixed  ring  A, 
which  is  carried  in  a  conveni- 
ently placed  bracket,  usually 
at  the  side  of  the  machine, 
by  means  of  the  lug  D.  The 
carrier  is  so  set  that  the  in- 
dicating arrow  M  is  parallel  to 
the  centre  line  of  the  machine. 
On  A  may  be  rotated  inde- 
pendently the  ring  B  carrying 
the  fore  sight  F  and  the  vertical 
wire  back  sight  E,  and  also  the 
graduated  ring  C.  Between 
the  two  sights  are  arranged 
two  horizontal  and  parallel 
sight  wires  G.  The  drift  angle  FlG*  I36' 

is  the  angle  which  the  centre  line  of  the  machine  makes 
with  the  ground  track,  i.e.  the  angle  between  course  and 
track.  To  measure  this  the  ring  C  is  turned  until  M  points 
to  1 80°.  The  ring  B  is  then  turned  until  on  looking 
downwards  through  the  sight  objects  on  the  ground  appear  to 
travel  parallel  to  the  wires  GG,  or  objects  a  short  distance  ahead 
have  no  apparent  lateral  movement  relative  to  the  line  of  sight. 
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The  drift  is  then  read  as  so  many  degrees  to  port  or  starboard, 
as  the  case  may  be.  If  the  ground  speed  is  determined  by 
measuring  the  time  taken  to  cover  a  distance  measured  on 
the  map,  the  wind  speed  can  be  determined  from  the  triangle 
of  velocities.  Fig.  137  illustrates  the  use  of  the  sight. 
Suppose  a  machine  starts  to  fly  from  A  to  B  with 
air  speed  V  in  a  wind  W.  The  triangle  I  shows  the  starting 
conditions.  The  drift  is  </>,  and  the  ground  speed  GS.  If  the 
sight  is  set  at  the  angle  <£  and  a  point  C  on  the  track  observed,  it 
will  have  no  lateral  movement  relative  to  the  sight.  Suppose 
that,  as  the  machine  proceeds,  the  wind  increases  to  W.  If  the 
course  is  unaltered,  the  track  will  follow  the  line  CK.  On  looking 
through  the  drift  sight  under  the  altered  conditions,  the  point 
C'  observed  will  have  developed  lateral  movement.  The  sight 


FIG.  137. 

must  be  re-set  to  some  new  angle  0  such  that  no  drift  is  ap- 
parent. If  the  same  track  is  to  be  followed,  the  course  must  be 
adjusted  to  allow  for  the  changed  wind.  The  triangle  II  shows 
the  conditions  before  the  course  is  altered.  It  will  be  noted  that 
the  observation  of  drift  and  air  speed  alone  on  a  constant  course 
does  not  enable  the  navigator  to  determine  either  the  wind  or 
the  ground  speed  ;  it  will,  however,  enable  him  to  maintain  a 
steady  track.  If  he  can  obtain  his  ground  speed  accurately,  he 
can  calculate  the  wind.  By  flying  on  two  courses  and  noting 
the  drift  on  each,  it  is  possible  to  obtain  the  wind,  and  from  it  the 
ground  speed  can  be  calculated.  The  last  problem  is  most 
simply  solved  by  adjusting  the  first  course  so  that  no  drift  is 
apparent ;  this  gives  the  direction  of  the  wind.  The  machine  is 
then  flown  on  a  course  at  right  angles  to  the  first  one  ;  the  observed 
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drift  on  the  second  course  provides  a  ready  means  of  calculating 
the  wind  speed.  The  navigator  does  not  have  to  set  to  work  in 
the  air  to  solve  the  various  problems  outlined  above  by  drawing  or 
complicated  calculation.  Several  forms  of  calculating  instru- 
ments are  available  which  obviate  this.  Space  does  not,  however, 
permit  of  their  being  described  here. 

The  drift  sight  is  commonly  fitted  with  a  device  designed  for 
the  measurement  of  ground  speed.  This  consists  of  an  aperture 
sight  I  (Fig.  136),  arranged  to  slide  up  and  down  a  scale  on  the 
back  sight,  and  two  fore  sights  J  and  K  arranged  as  shown  in 
the  figure.  The  diagram  exhibits  the  principle  of  this  device.  If 
a  point  P  on  the  ground  is  observed  on  the  line  of  sight  IJ,  and  the 
exact  time  noted  until  P  is  on  the  vertical  sight  line  IK,  this 
time  will  give  a  measure  of  the  ground  speed  of  the  machine — it 
is  the  time  taken  to  travel  a  distance  D'.  The  vertical  scale  on 
which  I  moves  is  so  graduated  that  if  the  sight  be  set  at  the 
graduation  corresponding  to  the  height  of  the  machine,  the 
distance  D  intercepted  on  the  ground  between  the  sight  lines  IJ 
and  IK  is  constant.  D  is  usually  standardised  as  half  or  one  mile. 

It  will  be  noted  that  the  scale  is  such  that  ^77=^.       The 

H.       D 

accurate  determination  of  ground  speed  in  this  manner  demands 
an  equally  accurate  knowledge  of  the  height  of  the  machine 
above  the  point  on  the  ground  observed.  The  navigator  is  de- 
pendent on  an  aneroid  for  his  knowledge  of  the  height ;  it  will 
therefore  be  understood  that  only  in  exceptional  circumstances 
is  the  method  really  accurate.  The  sights  can,  however,  be  con- 
veniently used  for  the  observation  of  the  exact  time  of  passing 
different  objects  on  the  ground,  the  distances  between  which  are 
measurable  on  the  map,  which  method  gives  absolutely  accurate 
results. 

The  drift  sight  may  be  used  to  determine  the  bearings  of  objects. 
Such  bearings  are  often  extremely  useful  for  fixing  the  position 
of  the  machine.  The  method  of  measuring  a  bearing  is  as 
follows.  The  scale  C  is  first  turned  to  such  a  position  that  an 
indicating  mark  on  A  (below  N  in  the  figure,  and  exactly  opposite 
to  M)  shows  the  course  on  which  the  machine  is  flying.  It  will 
be  noted  that  the  scale  is  then,  if  magnetic  bearings  are  being 
used,  in  exactly  the  same  position  as  the  card  of  the  compass 
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when  corrected  for  deviation.  The  ring  B  is  then  rotated  until 
the  observed  object  is  on  the  line  of  sight.  The  bearing  of  the 
object  is  read  against  the  indicator  N.  Two  such  bearings, 
preferably  subtending  an  angle  of  about  90°,  observed  practically 
simultaneously,  fix  the  position  of  the  machine. 

For  determination  of  directions,  the  navigator  is  dependent 
on  the  compass.  This  instrument,  if  carefully  adjusted  and 
calibrated  as  described  in  Chapter  XXI,  is  capable  in  the  most 
favourable  circumstances  of  giving  results  correct  to  about  i°. 
The  air  speed  of  the  machine  is  measured  by  the  air  speed  in- 
dicator. This  instrument,  as  has  been  already  pointed  out,  is 
only  correct  at  or  near  the  ground.  If  the  temperature  and 
pressure  are  measured  at  the  height  at  which  the  machine  is 
flying  an  accurate  correction  offers  no  difficulty  (see  Chapter  XXI). 
Failing  these  measurements,  however,  a  reasonably  accurate 
correction  is  made  by  adding  1*6  per  cent  per  1000  feet  of  height 
to  its  reading.  It  must  be  known,  of  course,  that  the  instru- 
ment is  correct  under  some  standard  conditions.  This  may 
most  satisfactorily  be  tested  from  time  to  time  by  flying  a 
measured  course  near  the  ground  at  some  speed  near  that  normally 
employed.  These  essential  instruments  which  are  liable  to 
error  should  be  duplicated  for  accurate  work.  If  one  fails 
during  flight  the  fact  is  then  immediately  apparent. 

All  pilots  are  from  time  to  time  called  upon  to  navigate 
to  some  extent.  If  the  pilot  is  flying  by  following  the  map 
he  is  almost  sure  occasionally  to  lose  his  bearings  owing  to 
passing  over  clouds  or  other  causes.  However,  if  before  leaving 
he  has  approximated  the  wind  speed  and  direction,  and  if  he 
cultivates  the  habit  of  constantly  observing  his  compass,  he 
should  never  be  at  a  loss  to  pick  up  his  course  again.  He  can  at 
any  time  visualise  a  rough  triangle  of  velocities  and  thus  approxi- 
mate his  ground  speed  and  direction.  Knowing  that  he  was  at 
some  point,  say,  fifteen  minutes  previously,  he  can  roughly  fix 
his  position  on  the  map.  Having  done  this,  he  can  fly  in  any 
direction  with  a  view  to  picking  up  some  landmark,  as,  for 
example,  a  railway.  Thus  he  again  establishes  accurate 
connection  with  his  map. 

The  problem  of  aerial  navigation  will  be  very  much  simplified 
in  future  by  the  general  use  of  wireless  telegraphy  and  tele- 
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phony  on  aerial  routes.  These  have  already  been  used  experi- 
mentally with  great  success.  Machines  can  now  be  fitted  with 
apparatus  which  will  detect  the  direction  from  which  wireless 
waves  are  being  transmitted.  It  is  also  possible,  using  more  than 
one  ground  wireless  station,  to  fix  the  position  of  a  machine 
sending  out  a  wireless  message.  If  working  on  this  system,  the 
machine  would  send  out  a  message  inquiring  its  locality  and  the 
ground  stations  would  signal  back  the  required  information. 
Accurate  navigation  along  a  route  marked  by  a  series  of  wireless 
stations  would  be  practicable  in  weather  such  that  no  visual 
observation  of  any  kind  is  possible. 


CHAPTER   XXVIII 
AERODROME  AND  BUILDINGS 

THE  choice  of  a  site  for  an  aerodrome  is  somewhat  of  a 
problem,  since  a  really  well-chosen  aerodrome  must 
satisfy  a  number  of  more  or  less  essential  conditions. 
The  commercial  aspect  enters  largely  into  the  question.  Where 
the  proposed  site  has  disadvantages  it  is  wise  to  consider  whether 
it  would  be  more  profitable  financially  to  remedy  these  (always 
supposing  them  to  be  capable  of  remedy),  or  to  fix  upon  some 
other  site.  If  the  drawbacks  are  such  as  will  not  occasion  any 
serious  financial  loss,  it  may  be  more  expedient  simply  to  put 
up  with  them.  The  main  point  at  issue  is  the  extent  to  which 
they  will  adversely  affect  the  machines.  This  is  not  merely  a 
matter  of  actual  breakage,  but  also  involves  the  question  of  the 
effects  of  straining  due  to  taxying  over  an  unsuitable  surface, 
the  wear  and  tear  caused  to  engines  which  have  to  drag  heavy 
machines  through  soft  ground,  and  the  cost  of  labour  of  cleaning 
machines  that  have  constantly  to  taxy  through  puddles.  From 
a  business  point  of  view  money  spent  on  procuring  the  best 
possible  site  for  the  aerodrome  is  money  soundly  invested.  An 
ill-chosen  aerodrome  may  occasion  an  annual  expenditure  of 
many  thousands  of  pounds  on  repairs  to  machines.  It  may  even 
at  times  be  wholly  unfit  for  landing.  The  first  essential  con- 
dition necessary  to  a  good  landing  ground  is  that  it  provides  a 
sufficient  length  of  good  surface  to  make  it  possible  to  land  up- 
wind, whatever  the  direction  of  the  wind  may  be.  The  aero- 
drome of  the  future  will  function  as  an  aerial  station  for  some 
particular  district,  the  aerial  transport  service  both  fitting  in 
and  competing  with  other  transport  services  already  established. 
The  aerodrome  should  therefore  be  well  served  by  road  and  also 
if  possible  by  railway. 
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The  size  of  the  aerodrome  must  obviously  depend  on  the 
amount  of  traffic  to  be  handled  and  the  types  of  machine  in  use. 
Shape  is  largely  governed  by  size.  Most  existing  aerodromes 
are  either  square  or  oblong,  the  sheds  being  usually  situated  at 
one  side.  This  shape  allows  of  the  landing  of  a  considerable 
number  of  machines  provided  their  movements  are  regulated. 
Where,  however,  this  precaution  is  neglected,  and  machines  are 
permitted  to  taxy  about  promiscuously,  accidents  are  very 
liable  to  occur.  A  more  economical  shape  for  the  ground,  and 
one  which  none  the  less  provides  a  good  long  run  in  all  directions, 
is  the  "L  "  shape.  Here  the  two  longest  runs  are  at  right  angles, 
and  machines  can  land  or  take  off  satisfactorily  in  any  wind. 
What  is  known  as  the  "  all  round  "  type  is  suitable  for  a  very 
large  aerodrome.  In  this  type  the  buildings  are  situated  cen- 
trally, the  landing  ground  forming  a  continuous  circuit  round 
them.  In  choosing  a  site  for  an  aerodrome  due  allowance  must 
be  made  for  possible  future  development  and  extensions.  The 
lay-out  should  be  so  arranged  that  additional  sheds  can  be  erected 
subsequently  without  this  in  any  way  interfering  with  the 
general  facilities  for  landing. 

The  land  immediately  surrounding  the  aerodrome  must  be 
considered  with  due  regard  to  the  requirements  of  night  as  well 
as  day  flying  machines.  The  approaches  should  be  as  free  as 
possible  from  obstructions,  and  it  is  a  great  advantage  when 
the  ground  in  the  immediate  neighbourhood  is  also  such  as  to 
permit  of  emergency  landings.  To  night  fliers  any  high  ob- 
struction is  a  danger.  In  the  case  of  the  day  pilot  it  is  usually 
the  casual  obstruction  that  leads  to  disaster.  He  can  generally 
see  the  wood  or  the  church  tower.  It  is  the  isolated  tree  or 
wireless  aerial  mast  that  is  his  most  likely  source  of  danger. 
Surrounding  obstacles,  be  they  wood,  village,  valley,  or  rough 
ground,  must  be  considered  also  in  their  relation  to  possible  engine 
failure  and  forced  landings.  Engine  failure  is  most  likely  to 
occur  just  after  a  machine  has  got  into  the  air.  If  it  occurs 
when  the  machine  is  over  one  of  these  obstacles,  and  before  it  has 
had  time  to  obtain  sufficient  height  to  enable  it  to  turn  back  into 
the  aerodrome,  a  crash  is  inevitable.  Obstacles  of  the  type 
mentioned  are  often  unavoidable,  and  in  estimating  their  probable 
danger  it  is  wise  to  take  into  consideration  the  prevailing  winds 
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and  consequently  the  direction  in  which  machines  will  most  often 
be  compelled  to  take  off  and  to  land.  Another  type  of  obstruc- 
tion which  often  leads  to  disaster  is  aerial  wiring,  such  as  tele- 
graph wires,  etc.  Wires  are  difficult  to  see  from  the  air,  and 
should,  whenever  possible,  be  placed  underground.  Where  this 
is  not  possible,  as,  for  example,  in  the  case  of  wireless  aerials, 
the  wires  should  be  flagged. 

The  ideal  aerodrome  is  level.  This  condition  often  being 
unobtainable,  it  is  necessary  to  consider  the  amount  of  general 
slope  or  incidental  undulation  that  may  reasonably  be  tolerated. 
Pilots  to  whom  the  aerodrome  is  familiar  often  find  slopes  an 
advantage,  since  they  can  frequently  utilise  them  to  shorten  their 
landings,  but  to  the  visitor,  as  to  the  careless  pilot,  they  must  ever 
remain  a  source  of  danger.  Except  when  the  sun  is  very'low, 
gentle  slopes  and  slight  undulations  are  invisible  from  the  air/even 
at  comparatively  low  altitudes,  so  that,  generally  speaking,  the 
aerodrome  in  which  these  occur  appears  to  the  pilot  level.  A 
general  slope  in  one  direction  is  no  great  disadvantage  unless  it 
be  so  steep  as  to  make  downhill  landings  difficult.  A  general 
slight  upward  slope  from  all  sides  towards  the  centre  is  also  not 
unsatisfactory.  It  helps  drainage  and  makes  an  uphill  landing 
possible  in  all  directions.  It  should  not,  however,  become  too 
steep  at  any  point  or  machines  overrunning  their  landing  in  that 
particular  direction  may  get  out  of  control.  Downward  slopes 
towards  the  sheds  are  to  be  avoided  as  pilots  taxying  downhill 
are  liable  to  underestimate  the  distance  required  for  pulling 
up.  The  effects  of  minor  undulations  are  important.  These 
include  ridges,  hollows,  and  mounds.  To  each  a  simple  test  may 
be  applied.  If  the  slope  at  any  point  is  such  that  any  machine 
moving  across  it  is  liable  to  be  thrown  on  to  a  wing  tip,  the  slope 
must  be  adjusted.  An  incidental  slope  that  may  safely  be  struck 
end-on  may  be  much  more  dangerous  if  taken  laterally.  Again, 
no  hollow,  however  gentle  the  side  slopes,  should  be  so  deep  as 
to  hide  one  machine  from  another  at  a  distance,  say,  of  sixty  or 
seventy  yards.  A  machine  hidden  in  a  hollow  may  be  the  cause 
of  a  serious  accident  to  another  machine  which  may  be  landing. 
The  slopes  on  an  aerodrome  should  be  considered  in  connection 
with  prevailing  wind,  less  favourable  conditions  being  permissible 
in  those  directions  in  which  landings  will  seldom  be  necessary. 
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Surface  conditions  require  very  careful  examination.  Smooth- 
ness and  strength  are  the  primary  necessities.  Undue  roughness 
causes  excessive  wear  and  tear  by  straining  the  machines.  There 
must  be  no  indentations  or  lumps  that  may  damage  them  whether 
they  be  travelling  fast  or  slowly.  In  studying  this,  the  size  of 
the  wheels  must  be  taken  into  consideration.  The  question  of  the 
strength  or  durability  of  the  surface  is  more  complex.  Here  a 
point  to  consider  is  the  wear  to  which  the  different  parts  of  the 
aerodrome  may  be  subject.  The  ground  adjoining  the  sheds  has 
to  stand  considerable  wear,  and  usually  requires  special  treatment. 
To  treat  it  with  tar  macadam  is  most  satisfactory,  but  somewhat 
costly  if  done  on  a  large  scale.  The  ground  may  alternatively 
be  hardened  by  rolling  in  cinders  or  gravel.  Trouble  due  to  dust 
is,  however,  apt  to  result  if  this  latter  method  is  adopted.  All 
engines  are  run  up  and  tested  in  the  neighbourhood  of  the  sheds, 
and  dust  is  sure  to  prove  a  nuisance,  especially  during  hot  weather. 
No  special  treatment  is  ordinarily  necessary  on  other  parts  of  the 
surface,  except  in  such  places  as  require  filling  or  levelling. 
These  should  be  seeded.  Until  they  have  a  sufficient  covering 
of  grass  to  prevent  wheels  from  sinking  in,  they  should  be  marked 
as  being  dangerous  by  means  of  small  red  flags. 

Surface  conditions  are  always  worst  during  the  winter  and 
after  heavy  rain.  Hence  the  question  of  drainage  over  the  whole 
area  is  of  the  utmost  importance.  This  makes  a  subsoil  of  sand 
or  gravel  very  desirable.  Clay  is  to  be  avoided.  A  good  grass 
surface  is  the  most  suitable.  Stubble  even  with  thick  clover  is 
rarely  satisfactory  for  at  least  a  year.  A  good  test  to  apply  is  to 
imagine  the  ground  thoroughly  sodden  and  then  decide  whether 
it  would  be  safe  to  drive  a  motor-car  over  it.  If  not,  it  is  not 
good  enough  for  an  aeroplane.  Where  it  is  necessary  in  the 
making  of  an  aerodrome  to  remove  hedges  and  ditches,  it  should 
be  considered  how  far  the  latter  are  necessary  for  drainage,  and 
if  advisable  a  drain  should  be  made  before  filling  them  up.  The 
level  of  water  in  neighbouring  ditches  or  ponds  is  often  a  good 
guide  to  the  nature  of  the  drainage  of  the  site.  A  road  across  the 
aerodrome  may  be  necessary  for  access  to  the  sheds.  This  should 
be  made  flush  with  the  surface  and  cambered  as  little  as  possible. 
The  excessive  growth  of  the  grass  is  often  a  source  of  trouble  in 
the  summer,  particularly  to  the  smaller  machines.  This  can  be 
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remedied  by  cutting,  an  operation  which  must  be  regulated  so  as 
to  interfere  as  little  as  possible  with  the  flying.  Where  night 
landings  are  not  anticipated,  arrangements  can  often  be  made  for 
sheep  to  graze  on  the  aerodrome  by  night,  which  scheme  answers 
admirably. 

Local  weather  conditions  have  to  be  ascertained  before  the 
site  for  an  aerodrome  is  chosen,  this  chiefly  with  a  view  to  avoid- 
ing ground  mists.  If  the  site  is  near  the  sea,  the  possibility  of 
their  arising  suddenly  must  be  taken  into  consideration. 

The  present  generally  accepted  method  of  marking  an  aero- 
drome is  by  means  of  a  white  circle.  This  should  be  about  forty 
yards  in  diameter,  the  line  being  three  or  four  feet  wide.  It  may 
be  marked  out  in  white  stones  or  chalk.  The  name  of  the  aero- 
drome may  be  marked  inside  the  circle.  The  letters  should  be 
some  five  or  six  feet  square.  Dangerous  patches  are  usually 

marked  by 
means  of  red 
flags  by  day 
and  red  lights 
by  night. 
These  should 
be  visible  from 
FlG'  I38'  the  air  as  well 

as  on  the  ground.  Regulations  have  recently  been  issued 
concerning  the  marking  of  aerodromes.  These  relate  to  both 
night  and  day  flying.  These  regulations  will  have  to  be 
complied  with  at  all  aerodromes  in  the  future. 

A  wind  gauge  must  always  be  placed  at  some  point  where  it 
can  easily  be  seen,  in  order  to  indicate  the  direction  of  the  wind. 
By  far  the  most  satisfactory  wind  gauge  is  a  smoke  fire.  Failing 
this,  a  flag  formed  as  indicated  in  Fig.  138  is  commonly  used. 
This  flag  should  be  made  of  white  fabric  of  light  weight.  The 
front  end  should  be  stiffened  by  an  iron  ring  carrying  the  pivot. 
The  pivot  is  carried  forward  in  order  to  prevent  the  flag  wrapping 
itself  round  the  standard  when  the  wind  is  insufficient  to  keep  it 
extended.  A  stock  of  rockets  and  lights  should  be  kept  with  a 
view  to  indicating  the  position  of  the  aerodrome  at  night  or  in 
thick  weather.  Night  landings  require  a  special  equipment. 
Considerations  of  space  prevent  a  complete  description  of  this. 
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The  reader  is  here  again  referred  to  the  official  regulations 
published  on  the  subject.  If  it  be  necessary  to  indicate  a  par- 
ticular landing-point  to  a  machine  by  day,  a  white  T  is  commonly 
used,  the  downward  arm  of  the  T  pointing  with  the  wind.  The 
machine  should  land  first  touching  its  wheels  at  the  T.  An 
elevated  look-out  post  fitted  with  a  telephone  is  often  of  con- 
siderable use.  Other  special  equipment  of  a  labour-saving  nature 
is  usually  desirable.  This,  however,  depends  very  much  on  the 
type  and  number  of  machines  handled. 

The  buildings  required  at  an  aerodrome  will  usually  include 
aeroplane  sheds,  workshops,  offices,  and  stores.  The  sheds 
will  necessarily  constitute  the  bulk  of  the  area.  Sheds  of  a 
permanent  or  temporary  nature  may  be  erected.  The  former 
are  usually  constructed  of  steel  frames  covered  with  corrugated 
iron  or  cement,  or  of  brickwork.  The  roofs  are  supported  by 
trusses  of  either  steel  or  timber,  and  may  be  covered  with  corru- 
gated iron  or  other  light  water-tight  material.  Temporary  or 
portable  sheds  consist  of  wood  sectional  framework  covered 
with  canvas.  The  smaller  types  designed  for  the  accommoda- 
tion of  only  one  machine  may  consist  simply  of  a  specially 
shaped  tent  supported  by  collapsible  poles.  Small  sheds  are 
usually  uneconomical  on  account  of  the  difficulty  of  packing 
in  a  number  of  machines  of  varying  sizes.  The  modern  machine 
of  large  size  is  always  made  with  folding  wings  in  order  to 
economise  floor  space.  In  spite  of  this,  however,  the  space 
occupied  by  machines  is  very  large. 

The  situation  of  the  sheds  should  be  so  chosen  as  to  provide 
them  with  as  much  natural  shelter  as  possible.  This  is  particu- 
larly important  in  the  case  of  those  of  a  temporary  nature. 
The  question  of  road  service  to  the  sheds  must  be  considered 
as  this  is  essential.  A  further  point  of  considerable  importance 
is  the  gap  spacing  between  the  sheds.  This  should  be  sufficient 
to  render  it  possible,  in  case  of  fire,  to  isolate  any  particular 
shed.  If  a  shed  once  gets  thoroughly  alight  there  is  usually 
practically  no  chance  of  saving  it  or  its  contents.  All  effort 
must  immediately  be  concentrated  upon  preventing  the  fire 
from  spreading.  The  fire-fighting  installation  is  a  matter  of 
the  greatest  importance.  Within  the  sheds  large  and  readily 
portable  chemical  extinguishers  are  satisfactory.  Outside  a 
15 
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complete  water  system  should  be  installed  if  possible.  The 
outer  surfaces  of  the  sheds  should  be  covered  with  material  of  a 
non-inflammable  nature. 

The  doors  of  the  sheds  must  be  very  carefully  designed. 
They  must  provide  a  large  area  for  the  passage  of  machines, 
and  must  be  opened  and  shut  without  the  expenditure  of  an 
unnecessary  amount  of  labour.  The  most  satisfactory  type 
are  usually  those  which  run  on  rails  on  the  floor  and  are  divided 
into  a  number  of  sections  of  a  suitable  size  for  stowing  in  a  recess 
provided  at  the  ends.  The  doors  should  not  open  directly  on 
to  the  aerodrome,  otherwise  the  sheds  will  during  the  summer 
months  always  be  filled  with  dust  raised  by  the  running  of  the 
machines  for  test  purposes.  A  satisfactory  arrangement  is  for 
the  doors  to  be  at  each  end  of  a  long-shaped  shed.  The  long 
dimension  of  the  shed  is  arranged  facing  the  centre  of  the 
aerodrome.  Wide  spaces  provided  between  the  sheds  serve 
the  double  purpose  of  providing  passage  way  for  the  machines, 
and  also  isolating  the  sheds  from  fire  risk. 

The  problem  of  handling  machines  in  the  sheds,  particularly 
when  they  are  of  a  large  size,  is  an  important  one.  Where  all 
hands  available  are  necessary  to  move  a  machine,  the  inter- 
ference with  routine  work  is  considerable.  An  arrangement 
which  has  been  adopted,  and  which  materially  reduces  this  work, 
consists  of  laying  trolley  tracks  along  the  shed  floor.  These 
are  sunk  below  the  floor  level,  and  the  trucks  have  platforms 
which  lie  flush  with  the  floor.  The  economical  use  of  these 
trolleys,  however,  demands  that  a  sufficiently  wide  space  shall 
be  kept  clear  along  the  centre  of  the  shed  for  the  passage  of  the 
machines. 

On  account  of  the  importance  of  the  work  done  on  the 
machines  whilst  in  the  sheds  the  problem  of  lighting  must  be 
carefully  considered.  By  day  it  is  satisfactorily  solved  by 
the  provision  of  a  considerable  area  of  window  and  skylight. 
At  night  electric  lighting  is  the  only  safe  form  on  account  of 
fire  risks.  To  light  a  shed  efficiently  in  such  a  manner  as  to 
make  the  work  on  all  parts  of  an  aeroplane  possible  as  by  day- 
light would  call  for  the  expenditure  of  a  considerable  amount 
of  electrical  energy.  The  most  satisfactory  working  arrange- 
ment is  for  the  general  lighting  to  be  fairly  weak,  any  machine 
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which  is  being  worked  on  being  specially  illuminated  by  local 
portable  lamps,  coupled  to  wall  plugs  and  supported  on  suitable 
standards. 

The  question  of  heating  deserves  attention.  In  the  first 
place,  if  good  work  is  to  be  done,  the  comfort  of  the  men  doing 
it  must  be  considered.  In  the  second,  the  effect  of  temperature 
and  damp  on  the  condition  of  the  machines  is  of  great  importance. 
These  effects  have  already  been  touched  on.  It  must  here 
suffice  to  say  that  the  lasting  qualities  of  a  machine  are  probably 
increased  two  or  three  times  if  it  be  kept  in  a  suitable  atmosphere. 
Owing  to  the  size  of  the  building,  the  door  area,  and  the  light 
form  of  construction  usually  adopted,  the  problem  is  not  al- 
together an  easy  one.  It  is,  however,  satisfactorily  solved  in 
large  engineering  erecting  shops,  and  there  is  no  reason  why 
the  same  heating  arrangements  should  not  be  adopted  in  the 
sheds. 

The  number  of  other  buildings  required  must  vary  very  much 
with  the  size  of  the  aerodrome  and  the  nature  of  the  work 
anticipated.  Offices,  workshops,  and  stores  will  be  necessary. 
At  a  small  aerodrome,  these  can  probably  be  built  as  parts  of 
the  shed.  In  larger  aerodromes  they  will  be  separate  buildings. 
The  largest  aerodromes  of  the  future  may  well  become  the  centre 
of  small  villages  housing  the  employees  and  providing  temporary 
accommodation  for  aerial  travellers.  The  workshops  should 
be  capable  of  undertaking  all  such  running  repair  work  as  the 
machines  may  require.  Their  equipment  should  be  very 
similar  to  that  of  a  high-class  motor  repair  works.  Electrical 
driving  of  machine  tools  has  the  advantage  that  one  form  of 
power  generated  at  the  aerodrome  or  supplied  by  a  neighbouring 
power  station  will  serve  for  all  the  requirements  of  the  aerodrome. 
The  only  material  stored  that  requires  special  treatment  is 
petrol.  Considerable  stocks  of  this  must  naturally  be  held. 
Underground  storage  offers  several  advantages,  particularly 
from  the  point  of  view  of  the  prevention  of  fire.  Systems  are 
in  common  use  where  the  bulk  storage  is  in  buried  tanks,  the 
service  supplied  being  pumped  to  a  more  elevated  tank,  and  led 
thence  to  suitable  machine-filling  points  by  pipe  lines. 


CHAPTER  XXIX 
THE  EFFECTS  OF  ALTITUDE 

THE  condition  of  the  atmosphere  alters  very  consider- 
ably with  altitude.  '  The  changes  of  pressure,  tempera- 
ture, and  density,  under  average  conditions,  are  shown 
in  Fig.  139.     It  will  be  noted  that  these  changes  are  very  con- 
siderable  between   the   limits   of  height   at   which   aeroplanes 
commonly  fly.     It  is  the  business  of  this  chapter  to  discuss 
the  various  effects  of  these  changes.     It  is  proposed  to  do  this 
in  three  sections  :  first,  the  effect  on  the  machine  ;  second,  the 
effect  on  the  engine  ;  and,  thirdly,  the  effect  on  the  pilot. 

There  is  a  definite  relation  between  the  pressure,  tempera- 
ture, and  density  of  a  gas.  The  pressure  and  temperature  are 
measured  by  the  barometer  or  aneroid  and  the  thermometer 
respectively.  The  density  or  mass  per  unit  volume,  which  is  of 
most  importance,  can  be  calculated,  the  values  of  the  pressure 
and  density  being  known,  by  the  application  of  the  following 
laws.  Boyle's  Law  states  that  the  density  of  a  gas  varies 
directly  as  its  pressure,  and  if  p  and  p  are  the  pressure  and 
density  at  sea-level  and  p'  and  p'  at  some  height  H,  then  : 


Charles'  Law  connecting  temperature  and  density  states  that 
the  density  of  a  gas  varies  inversely  as  its  "  absolute  "  tempera- 
ture. The  absolute  temperature  is  the  temperature  in  degrees 
centigrade  +  273,  i.e.  the  zero  on  the  absolute  temperature 
scale  is  —  273°  C.  If  t  is  the  temperature  at  sea-level  in  degrees 
centigrade  and  tr  that  at  an  altitude  H,  then  : 


or  p  =t 

The  conditions  at  sea-level  vary  considerably  from  day  to 
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day  and  from  place  to  place.  In  order  that  machine  tests, 
experimental  data,  and  the  like  may  be  exactly  comparable, 
their  results  must  always  be  corrected  to  some  standard  con- 
dition of  air  density.  The  accepted  standard  density  of  air 
is  '00237.  This  is  the  mass  of  one  cubic  foot  of  air  at  15°  C. 
and  760  mm.  (mercury)  barometric  pressure.  760  mm.  is 


100 


*      95 

«i 

a 

£     oo 

S 

a     as 


eo  13 


7S 
70 

2.30  6r 
IftO  60 
170  55 


ISO    C 


\o 


_RUT',TUBE     THOUSANDS     OF     PECT. 


\e 


FIG.  139. 

equal  to  30",  or  a  pressure  of  14*7  Ibs.  per  square  inch.  Accept- 
ing the  figure  '00237  as  standard,  then  at  any  altitude  where 
the  temperature  is  t°  C.  and  the  pressure  p  Ibs.  per  square  inch, 
the  density  of  the  air  is  : 

^•00237X  J>.   x^73  +  i5 

147    273 -M 
The  curves  in  Fig.   140  are  average  conditions  as  shown  by 
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experiment.  It  will  be  noted  that  the  effect  of  the  decreased 
pressure  is  to  decrease  the  density,  whereas  the  lowered  tempera- 
ture increases  it.  The  former  effect,  however,  predominates, 
with  the  result  that  the  density  falls  off  considerably  with 
height.  At  20,000  feet  the  density  is  only  about  half  that  at 
sea-level. 

The  equation  P=KA/oV2  is  fundamental  in  considering  the 
aerodynamic  effects  on  a  machine.  Considering  the  lift  forces 
on  the  machine  only,  it  may  be.  written  W=KLApV2.  It  is 
evident  from  this  that  as  p  decreases  either  the  angle  of  in- 
cidence or  the  velocity  must  be  increased  in  order  to  maintain 
the  weight  of  the  machine.  Let  a  quantitative  example  be 
considered.  Suppose  that  a  machine  flies  level  at  60  miles 
per  hour  (88  feet  per  second)  at  sea-level.  With  the  same  in- 
cidence, at  what  speed  must  it  fly  at  8000  ?  Reference  to  Fig.  139 
shows  that  the  density  at  8000  is  77  normal.  W,  A,  KL  remain 
the  same : 

W 

At  sea-level  -~  =V2/>=882  x  '00237  =  18-4 
K.LA 

At  8000'          V2  =  -^-  x  5  =  — ^ =  IQI/         sec 

KLA    p     77  x  '00237 

=69  m.p.h. 

It  will  be  noted  that  if  the  machine  be  climbed  with  constant 
incidence,  then  the  speed  must  be  progressively  increased  and 
the  power  must  necessarily  be  increased  proportionately.  In 
this  manner  the  limit  of  the  engine  power  is  soon  reached. 
Further  upward  progress  can  then  only  be  effected  by  in- 
creasing the  angle  of  incidence.  The  angle  of  incidence  is 
then  gradually  increased  until  it  reaches  the  value  which 
makes  KL  maximum.  The  machine  has  then  reached  the 
greatest  height  to  which  it  can  attain.  This  height  is  termed 
its  "  ceiling." 

There  is  another  very  interesting  point  to  be  noted  in  this 
connection,  namely,  the  effect  of  altitude  on  the  readings  of  the 
air  speed  indicator.  The  instrument  has  already  been  de- 
scribed. It  measures  the  air  speed  by  indicating  the  pressure 
induced  in  a  tube  by  the  forward  progression  of  the  machine. 
At  any  speed  V  there  is  a  pressure  of  P  in  the  instrument.  The 
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point  on  the  dial  which  corresponds  to  P  is  marked  V  miles  per 

p 
hour.     P  =  KApV2  or  V2=  -  ,  that  is  to  say,  the  readings  of 


the  instrument  are  affected  by  density.  The  instrument  is 
constructed  to  be  correct  at  normal  density  ;  consequently  it 
becomes  incorrect  as  the  machine  climbs.  As  p  decreases,  the 

readings  become  low.     The  correction  to  be  applied  to  them  is  -£ 

P 
where  p  is  the  density  of  the  air  in  which  the  machine  is  flying. 

It  has  already  been  noted  that  in  the  case  of  the  machine  also 

(when  flying  at  constant  incidence)  V  varies  as  -.     Thus,  if  the 

P 

machine  climbs  at  a  constant  incidence,  although  V  actually 
varies,  the  air  speed  indicatorjwill  register  the  same  speed. 
The  instrument  does,  however,  to  some  scale,  show  the  angle  of 
incidence  regardless  of  height.  It  is  the  angle  of  incidence  on 
which  the  efficiency  and  stability  of  the  machine  depend.  The 
same  angle  will  be  the  optimum  angle  or  the  stalling  angle  at 
any  height,  although  at  that  particular  angle  the  air  speed 
increases  with  height.  If  the  machine  stalls  at  (say)  40  m.p.h. 
near  the  ground,  it  will  stall  at  exactly  the  same  speed  as 
measured  by  the  air  speed  indicator  at  any  altitude.  It  may 
be  noted  that  to  correct  the  air  speed  indicator  readings 
approximately  r6  per  cent  must  be  added  for  every  thousand 
feet  that  the  machine  is  above  sea-level. 

Decreasing  density  has  a  great  effect  upon  the  power  out- 
put of  the  engine.  The  engine  produces  work  as  a  result  of  the 
combustion  of  certain  hydrocarbons  with  oxygen.  The  car- 
burettor is  adjusted  to  add  sufficient  petrol  to  the  oxygen  in  the 
air  sucked  in  to  ensure  complete  combustion.  The  power  per 
working  stroke  is  therefore  dependent  upon  the  amount  of  oxygen 
sucked  in.  As  the  density  is  reduced  the  charge  sucked  in 
becomes  correspondingly  less.  Hence  the  power  of  an  engine 
falls  off  roughly  in  proportion  to  the  density  of  the  atmosphere 
in  which  it  is  working.  In  calculating  the  ceiling  of  an  aeroplane 
this  is  a  controlling  factor. 

Little  has  as  yet  been  done  to  overcome  this  disability. 
Aero-engines  are  normally  designed  with  a  high  compression 
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ratio.  This  helps  to  some  extent,  but  the  principle  can  only 
be  applied  to  a  limited  degree  as  an  exceedingly  high  com- 
pression would  render  them  unsuitable  for  flying  at  low  altitudes. 
Whatever  height  they  are  designed  to  fly  at,  they  must  never- 
theless be  capable  of  developing  power  during  their  climb  and 
at  such  times  as  they  may  be  compelled  to  fly  low.  Engines 
with  very  high  compression  are  apt  to  give  a  lot  of  trouble  from 
overheating  and  rough  running  near  the  ground.  Forced 
induction  seems  to  offer  the  most  practical  solution  of  this 
problem.  The  principle  consists  of  pumping  the  air  supply 
to  the  carburettor  at  such  pressure  as  to  make  good  the  decrease 
owing  to  the  altitude  at  which  the  machine  is  flying.  The 
engine  therefore  works  continuously  in  a  normal  pressure. 

A  system  which  has  been  tried 
with  satisfactory  results  con- 
sists of  a  centrifugal  air  pump 
driven  by  a  gas-turbine  which 
utilises  the  pressure  of  the  ex- 
haust gases.  The  air  delivered 
by  the  pump  is  stfpplied  to  the 
carburettors. 

The  decreasing  density  of 
the  air  also  affects  the  action 
of  the  carburettors.  The  mix- 
ture becomes  progressively 
richer  as  the  machine  climbs,  which  results  in  misfiring,  uneven 
running,  and  further  loss  of  power.  It  is  then  necessary  to 
provide  some  means  of  reducing  the  ratio  of  petrol  to  air.  This 
may  be  done  either  by  admitting  more  air  at  a  point  beyond 
the  choke  or  by  limiting  the  amount  of  petrol  supplied.  The 
latter  system  is  the  more  satisfactory.  The  amount  of  petrol 
delivered  through  the  jet  depends,  first,  on  the  size  of  the  jet 
and,  secondly,  on  the  difference  of  pressure  between  the  interior 
of  the  float  chamber  and  the  choke.  The  former  is  normally 
that  of  the  atmosphere.  The  petrol  supply  is  controlled  by 
reducing  the  pressure  in  the  float  chamber.  This  is  effected  as 
follows.  The  air  which  normally  maintains  the  petrol  in  the  float 
chamber  at  atmospheric  pressure  is  admitted  by  the  pipe  B  and 
through  the  small  orifice  O  (Fig.  140).  The  regulator  consists 
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of  a  pipe  A  fitted  with  an  adjustable  valve  C  coupling  the  float 
chamber  and  the  choke.  It  is1  evident  that  if  the  pipe  B  were 
closed  entirely  and  A  were  open,  the  pressure  at  X  would  be  the 
same  as  at  Y,  and  no  petrol  would  flow.  The  effect  of  slowly 
opening  the  valve  C  is,  however,  to  permit  an  increasing  amount 
of  air  to  flow  through  the  system  BOCA.  The  air  which  flows 
through  BO  into  X  must  necessarily  be  due  to  a  pressure  lower 
than  atmospheric  in  X,  the  difference  of  pressure  being  necessary 
to  force  the  air  through  the  pipe  B  and  the  orifice  0.  The 
greater  the  quantity  of  air  flowing  through,  then  the  lower  is  the 
pressure  in  X,  and  consequently  the  less  the  amount  of  petrol 
forced  out  of  the  jet.  The  carburettor  shown  in  Fig.  85  is 
fitted  with  this  type  of  control.  The  lever  controlling  this 
device  is  always  coupled  to  the  throttle  lever  in  such  a  manner 
that  as  the  latter  is  shut  so  also  is  the  altitude  controlled.  The 
reason  for  this  is  that  the  altitude  control  must  be  shut  off 
before  the  machine  comes  down,  otherwise  the  resulting 
over-weak  mixture  when  the  engine  is  again  opened  up  at 
a  lower  altitude  would  lead  to  violent  popping  back  and  danger 
of  fire.  As  the  throttle  must  necessarily  be  closed  to  come 
down,  the  inter-connection  of  the  levers  ensures  the  desired 
result. 

Owing  to  the  low  temperature  obtaining  at  great  altitudes, 
the  normal  radiator  area  necessary  near  the  ground  becomes 
excessive.  The  radiator  is  therefore  usually  fitted  with  an 
adjustable  blind  consisting  of  a  number  of  narrow  shutters  by 
means  of  which  its  effective  area  may  be  controlled.  This  is  a 
very  essential  fitment  for  another  reason.  In  order  that  the 
machine  can  come  down  the  engine  must  be  practically  shut 
off.  Consequently  little  heat  is  supplied  to  the  cooling  water 
circulating  through  the  radiator.  At  the  low  temperatures  met 
with,  were  the  bulk  of  its  area  not  screened,  it  would  certainly 
become  frozen  up. 

A  man  is  affected  by  altitude  in  much  the  same  way  as  an 
engine.  The  human  body  depends  for  its  energy  on  the  con- 
sumption of  oxygen.  As  the  density  decreases,  so  does  the 
amount  of  oxygen  drawn  in  per  breath.  As  the  altitude  in- 
creases the  rate  of  respiration  increases.  This,  however,  cannot 
go  on  indefinitely.  At  a  height  of  16,000  feet  the  normal  body 
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has  become  a  very  poor  machine.  It  is  capable  of  sitting  still 
and  controlling  the  aeroplane,  but  any  action  calling  for  the 
display  of  muscular  activity  proves  very  exhausting.  The  brain 
also  is  affected  and  becomes  exceedingly  sluggish  in  action.  The 
obvious  method  of  sustaining  the  pilot  at  great  height  is  to  furnish 
him  with  an  auxiliary  supply  of  oxygen.  This  is  supplied  to  him 
from  a  cylinder  of  compressed  gas  through  a  regulating  valve 
and  a  mask  which  he  wears.  The  valve  is  so  adjusted  that  it 
automatically  supplies  an  amount  of  oxygen  which  increases  as  the 
surrounding  pressure  decreases.  The  height  at  which  oxygen 
should  be  used  varies  with  the  individual ;  16,000  or  17,000  feet 
is  about  normal. 

The  only  other  discomfort  experienced  is  due  to  the  cold. 
In  the  winter,  even  at  very  moderate  heights,  frostbite  is  not 
uncommon.  It  is  usually  the  face  which  is  attacked  owing  to 
exposure.  In  cold  weather  the  face  should  not  be  exposed  more 
than  can  possibly  be  helped.  If  prolonged  flights  at  considerable 
height  are  indulged  in,  a  complete  face-mask  should  be  worn. 
The  skin  can  also  be  protected  to  a  great  extent  by  rubbing  it 
thickly  with  lanoline  or  other  grease.  General  coldness  can  only 
be  guarded  against  by  the  use  of  suitable  clothing.  Electrically- 
heated  clothing  has  been  manufactured  for  use  at  very  high  alti- 
tudes, but  this  is  seldom  necessary.  Aerial  clothing  generally 
must  be  designed  to  be  both  heat-retaining  and  wind-proof. 
As  combining  these  two  qualities  leather  is  the  most  suitable 
material.  The  ideal  is  a  close-fitting  one-piece  garment.  It 
should  have  no  loose  parts  to  blow  about  and  should  allow  the 
maximum  freedom  of  movement.  The  outer  layer  should  be 
durable  and  wind-proof  and  the  inner  layer  or  layers  should  con- 
sist of  thick  material  designed  solely  to  retain  the  heat  of  the  body. 
The  position  of  the  pockets  is  a  matter  of  some  importance.  The 
pilot's  seat,  although  comfortable,  allows  little  room  for  move- 
ment. Therefore  the  pockets  must  be  so  arranged  as  to  be 
readily  accessible  without  moving  from  the  normal  sitting 
posture. 

Cold  is  usually  felt  most  in  the  hands  and  in  the  feet.  Experi- 
ence has  shown  that  the  wearing  of  silk  next  to  the  skin  is  most 
conducive  to  the  retention  of  heat  in  these  parts.  Wool  should 
be  worn  over  the  silk,  and  then  the  gauntlet  or  boot.  Gauntlets 
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having  no  separate  fingers  are  most  satisfactory.  If  separate 
fingers  are  necessary  for  any  reason,  a  type  of  gauntlet  with  a  mitt 
which  may  be  drawn  over  the  fingers  at  will  is  most  desirable. 
Boots  should  be  lined  with  sheep-skin  throughout  and  should 
extend  up  to  the  knee, 


CHAPTER   XXX 
INSPECTION 

THE  inspection  of  an  aeroplane  begins  with  the  inspection 
of  the  raw  materials  from  which  it  is  constructed.  These 
are  always  supplied  to  a  specification  which  usually 
lays  down  the  ultimate  stress  which  the  material  must  be  capable 
of  withstanding  and  the  percentage  extension  that  a  test  piece 
of  certain  dimensions  must  show  before  rupture.  The  nature  of 
the  tests  specified  varies  with  the  material.  Wood,  for  example, 
is  commonly  tested  by  cross  bending,  i.e.  loading  centrally  a  test 
piece  of  standard  dimensions  supported  at  its  two  ends  as  a 
beam  until  it  breaks.  Metals  are  usually  tested  in  hydraulic 
tension  testing  machines.  These  are  made  in  sizes  capable  of 
breaking  a  i-inch  diameter  specimen  of  the  strongest  steels. 
Samples  are  taken  from  every  batch  of  material  used,  thus  en- 
suring, as  far  as  possible,  that  no  defective  material  finds  its  way 
into  the  finished  machine. 

The  various  parts  must  be  further  inspected  during  the  process 
of  manufacture.  Timber,  when  being  worked,  may  show  flaws 
in  odd  pieces  which  might  pass  the  examination  of  the  most 
skilled  inspector  when  in  the  rough.  Metal  parts  likewise, 
although  made  from  sound  material,  may  have  their  strength 
seriously  impaired  in  the  course  of  the  manufacturing  processes 
through  which  they  pass,  owing,  for  example,  to  improper  work- 
ing or  heat  treatment.  For  this  reason  all  parts  are  usually 
inspected  at  each  stage  of  their  manufacture.  The  works  in- 
spection of  most  importance  is  the  final  one  to  which  every 
finished  part  is  subjected  before  being  assembled  in  a  machine. 
A  final  examination  of  the  machine  is  made  before  its  air  test  to 
ensure  that  none  of  the  erecting  work  has  been  in  any  way 

skimped. 
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During  the  process  of  manufacture  the  man  in  the  best  posi- 
tion to  inspect  each  part  is  usually  the  man  who  makes  it.  The 
manufacturer  can  best  guard  his  own  reputation  and  the  interests 
of  his  customers  by  offering  every  inducement  to  his  employees 
to  report  any  material  or  parts  which  they  think  to  be  defective. 
The  workman  should  always  recognise  the  extreme  importance  of 
even  the  smallest  detail,  and  appreciate  his  personal  responsibility 
for  the  safety  of  the  finished  machine. 

In  manufacture  the  question  of  interchangeability  is  an  im- 
portant one,  particularly  as  affecting  engines.  It  must  be 
possible  to  supply  spare  parts  for  a  machine  or  engine  without 
the  necessity  of  their  being  fitted  on  the  actual  job.  This 
is  ensured  by  the  use  of  gauges.  Every  part  is  made  to  match  a 
certain  gauge  or  standard.  It  is  then  certain  that  it  will  be 
interchangeable  with  any  similar  part  made  to  the  same  standard. 
In  engine  work,  so-called  "  limit  gauges  "  are  much  used.  It  is 
decided  that  the  limits  of  error  on  a  certain  part,  say,  the  diameter 
of  a  gudgeon  pin,  are  YTRTTT  over  size  or  lo^o  under  size.  A 
standard  gauge  with  two  pairs  of  jaws  is  then  made,  the  width 
between  one  pair  of  jaws  being  1*2505  and  between  the  other  pair 
1*2490.  The  part  is  ground  to  such  a  size  that  one  side  of  the  gauge 
will  pass  over  it  and  the  other  will  not.  All  gudgeon  pins  made 
to  the  same  gauges  will  then,  within  the  limits  of  the  gauge,  be 
interchangeable  with  others  made  by  the  same  firm. 

The  form  of  inspection  which  most  affects  the  airman  is  the 
inspection  of  new  or  used  machines  on  purchase  or  on  taking 
over,  and  the  continual  inspection  necessary  to  ensure  the  safety 
of  a  machine  whilst  in  service.  The  essential  factor  for  the 
satisfactory  carrying  out  of  this  work  is  system.  Inspections 
must  be  made  at  definite  intervals,  and  when  made  must  follow 
some  definite  system.  Perhaps  the  simplest  method  of  describ- 
ing the  work  that  should  be  done  is  to  start  from  the  simplest 
form  of  inspection,  i.e.  that  to  which  the  machine  is  subject  after 
each  flight,  and  to  work  up  to  the  more  complicated  examination 
necessary  when  an  unknown  machine  is  being  examined. 

The  various  parts  of  the  machine  should  always  be  gone  over 
in  the  same  order.  This  ensures  that  parts  do  not  get  over- 
looked. The  engine  may  be  examined  first.  As  to  the  order  in 
which  the  parts  of  the  machine  are  examined,  a  beginning  may 
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conveniently  be  made  from  the  nose,  working  aft,  the  machine 
being  divided  into  sections,  as,  for  example,  engine  bearers, 
undercarriage,  main  planes,  cockpits,  fuselage,  tail  unit,  and  finally 
all  controls.  The  parts  particularly  requiring  examination  will 
vary  according  to  the  type  of  machine  and  the  nature  of  its  work. 
Only  experience  of  the  particular  type  of  machine  can  teach 
them.  The  following  remarks  must  be  taken  as  generally 
applicable. 

After  each  flight  of  appreciable  duration,  and  apart  from 
any  particular  defects  which  the  pilot  may  have  observed  in 
the  course  of  the  flight,  the  machine  must  be  subjected  to  a 
general  inspection.  This  may  conveniently  be  combined  with 
the  routine  work  of  cleaning  and  greasing.  So  far  as  the  engine 
is  concerned,  it  will  usually  suffice  to  turn  the  propeller,  and 
to  examine  the  filters,  magnetos,  etc.,  in  the  manner  described 
in  the  chapter  on  the  care  of  engines.  The  rigging  should 
normally  require  little  adjustment,  but  should  always  be  gone 
over  nevertheless.  The  engine  cowling  should  be  removed 
and  the  bearer  bracing  wires  examined  for  slackness.  The 
undercarriage  should  be  carefully  examined  to  ensure  that  it 
has  not  been  strained.  The  examination  of  this  part  should 
include  an  inspection  of  the  fittings  by  which  it  is  attached  to 
the  fuselage  and  of  the  shock-absorbing  devices.  The  wheels, 
tyres,  and  particularly  the  wheel  fixings,  should  be  examined 
with  particular  care.  The  main  planes  come  next.  The  faults 
most  likely  to  be  found  are  small  tears  in  the  fabric,  or  the 
slackening  off  of  locking  nuts  on  the  bracing  wires.  In  the 
cockpits  the  different  control  levers  should  be  operated  to 
ensure  that  they  are  not  either  sticking  for  want  of  lubrication, 
or  liable  to  slack  back  owing  to  having  worked  loose  on  their 
pivots.  It  must  also  be  ascertained  that  no  loose  tools  or  other 
articles,  which  may  subsequently  work  into  and  jam  the  controls, 
have  been  left  lying  about.  The  fuselage,  as  a  rule,  gives  little 
trouble,  and  need  only  be  superficially  examined  to  ensure 
that  no  parts  have  been  seriously  strained.  If  it  be  of  the  wire- 
braced  type,  the  wires  can  usually  be  felt  through  the  fabric. 
The  wires  in  the  neighbourhood  of  the  undercarriage,  or  where 
the  landing  shocks  are  received,  are  those  which  most  likely 
give  trouble.  The  tail  unit  should  always  be  rather  carefully 
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inspected  on  account  of  its  importance  as  affecting  the  control 
of  the  machine.  The  tail  should  be  lifted  off  the  ground  so 
as  to  relieve  the  rudder  of  the  controlling  effect  of  the  tail  skid, 
whilst  its  freeness  is  being  tested.  If  the  tail  plane  is  adjustable 
this  should  be  tested  throughout  its  whole  range  of  movement. 
The  shock  absorber  and  fixings  of  the  tail  skid  should  be  in- 
spected. Finally,  the  whole  of  the  control  system  must  be 
gone  over  with  particular  care.  All  cables  must  be  felt  to 
ensure  that  their  tension  is  correct  ;  their  turnbuckles  and 
terminal  fixings  should  be  looked  at,  and  any  points  where  they 
are  liable  to  rub  or  chafe  should  be  particularly  carefully 
examined.  All  guide  pulleys  or  fairleads  must  be  inspected 
to  ensure  that  they  are  thoroughly  greased,  and  that  their 
fixings  are  not  working  loose.  The  hinges  of  all  the  control 
surfaces  must  be  carefully  examined  to  see  that  they  are  properly 
lubricated  and  that  the  hinge  pins  are  properly  locked  in 
position.  In  going  over  the  machine  the  mechanic  should  take 
into  consideration  any  circumstances  which  may  have  affected 
the  machine  since  it  last  left  the  shed.  For  example,  if  the 
engine  has  been  reported  as  vibrating,  the  bearer  bracings 
should  receive  special  attention.  If  the  weather  is  frosty  and 
the  ground  rough,  the  tail  skid  and  its  fixings  are  points  liable 
to  be  affected. 

At  regular  intervals  ot  twenty  hours'  flying,  the  machine 
should  be  subject  to  a  more  searching  inspection.  This  should,  if 
possible,  be  undertaken  by  some  person  other  than  the  mechanics 
who  ordinarily  work  on  it,  although  the  latter  may  with 
advantage  be  present  and  assist  in  the  work.  This  should 
include  all  the  items  of  the  daily  inspection,  but  all  should  be 
gone  over  in  a  rather  more  detailed  and  searching  manner. 
Little  additional  work  is  necessary  as  regards  the  engine.  This 
acts  to  some  degree  as  its  own  inspector,  its  running  immediately 
making  apparent  any  maladjustment  or  undue  wear.  All 
pipes,  wiring,  and  connections  should,  however,  be  carefully 
examined  for  leaks,  perishing,  or  chafing.  All  parts  should  be 
perfectly  clean  before  this  examination.  The  bearers  should  be 
carefully  scrutinised  for  slack  bolts  or  fittings,  or  the  undue 
softening  of  ply  wood  or  other  parts,  due  to  the  effects  of  oil. 
If  the  necessary  facilities  exist,  the  internal  bracings  of  the 
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planes  should  be  examined.  The  general  truth  of  the  main 
planes  may  be  checked  with  a  steel  tape,  and  if  there  be  any 
reason  to  doubt  its  correctness,  the  incidences  should  be  checked 
with  a  spirit-level.  The  planes  should  be  carefully  felt  over 
for  broken  ribs.  All  patches  should  be  examined  to  ensure 
that  they  are  adhering  properly.  When  inspecting  the  wheels 
the  fabric  discs  should  be  removed  in  order  that  any  broken 
spokes  may  be  seen.  When  examining  the  cockpits,  attention 
should  be  given  to  the  instruments.  The  rubber  connections 
on  the  air  speed  indicator  tubes  should  be  tested.  The  engine 
revolution  counter-drive  should  be  oiled.  The  various  tap  and 
pipe  unions  should  be  gone  over,  and  if  necessary  adjusted. 
The  seat  fixings,  safety  belts,  and  other  details  should  be  ex- 
amined. The  fuselage  must  be  uncovered  as  far  as  possible. 
All  the  wires  must  be  tested  for  tension,  and  carefully  examined 
to  ensure  that  they  are  properly  locked.  A  string  line  should 
be  stretched  along  the  fuselage  to  test  its  general  truth,  and 
any  necessary  adjustments  should  be  made.  The  tail  unit 
must  be  raised  into  flying  position  for  inspection  and  its  truth 
tested  in  all  directions,  a  spirit-level  and  straight-edges  being 
used.  Broken  ribs  or  framework  in  the  various  components 
should  be  sought.  The  whole  of  the  control  gear  should  be 
gone  over,  old  grease  being  cleaned  off,  and  new  substituted. 
The  fingers  should  be  run  along  the  cables  wherever  fraying  or 
broken  strands  are  likely  to  occur.  For  these  inspections  the 
machine  should  be  laid  up  for  a  day.  The  occasion  may  also 
be  utilised  for  the  changing  of  engine  oil,  and  for  other  similar 
periodical  engine  work,  such  as  is  described  in  the  section 
devoted  to  that  subject. 

When  a  new  machine  is  taken  over,  a  flying  test  should 
always  be  witnessed.  This  ensures  that  it  is  at  least  in  a 
reasonably  airworthy  condition.  When  a  machine,  whether 
new  or  otherwise,  has  been  delivered,  it  should  be  subject  to  a 
thorough  inspection  as  described  above.  If  it  be  new,  it  can 
then  be  flown  with  confidence.  The  chief  trouble  likely  to  be 
experienced  with  a  machine  when  new  is  the  clogging  of  oil 
and  petrol  filters  with  dirt  from  the  tanks.  These  should  be 
cleaned  with  particular  care.  A  new  engine  should  be  eased  as 
much  as  possible  during  the  first  few  hours  of  its  life  so  as  to 
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enable  the  bearings  to  settle  to  their  work.  If  the  machine  is 
not  new  and  little  is  known  of  the  way  in  which  it  has  previously 
been  cared  for,  it  is  usually  wise  to  take  very  little  for  granted. 
The  tanks  should  all  be  cleaned  out  and  internally  examined 
for  dirt.  All  rubber  connections  should  be  carefully  scrutinised 
and  some  removed  for  internal  examination.  The  machine 
should  be  set  up  in  flying  position,  and  all  its  dimensions  care- 
fully checked.  In  the  course  of  the  inspection  various  in- 
dications will  be  found  as  to  the  manner  in  which  it  has  been 
looked  after,  and  these  will  serve  as  a  guide  to  those  points 
which  should  receive  most  attention.  The  fact  that  a  machine 
flies  well  does  not  in  any  way  prove  that  it  is  in  a  safe  condition 
to  fly. 

The  pilot  who  flies  a  machine  should  always  constitute 
himself  its  chief  inspector.  By  keeping  himself  thoroughly 
acquainted  with  its  condition,  and  by  noting  results  of  any 
ill-treatment  to  which  he  subjects  it,  he  learns  to  associate 
cause  and  effect,  and  this  gives  him  increased  confidence  as 
well  as  understanding  in  flying  it.  His  constant  inspection 
and  interest  in  its  condition  will  also  ensure  the  best  work  on 
the  part  of  the  men  working  on  it.  At  first  he  must  usually 
be  content  to  learn  a  good  deal  from  the  mechanics.  In  due 
course,  however,  owing  to  his  superior  advantages  in  the  way 
of  dealing  with  different  types,  his  judgment  and  opinion  con- 
cerning matters  of  workmanship  should  come  to  be  of  great 
value. 
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CHAPTER   XXXI 
OTHER   AIRCRAFT 

AIRSHIPS  are  lighter  than  aircraft,  being  a  development 
of  the  free  balloon..  The  free  balloon  consists  simply  of  a 
spherical  gas  bag  filled  with  hydrogen  or  some  other  gas 
lighter  than  air,  with  a  basket  attached  to  it,  the  difference  in 
weight  between  the  volume  of  gas  in  the  balloon  and  the  air 
which  it  displaces  being  sufficient  to  support  the  weight  of  the 
envelope,  rigging,  and  load.  The  free  balloon  is  capable  of 
rising  into  the  air,  but  is  then  dependent  entirely  on  the  air 
currents  which  it  encounters  for  its  motion  relative  to  the  earth. 
As  its  buoyancy  depends  entirely  on  the  difference  between  its 
overall  weight  and  the  weight  of  the  volume  of  air  which  it 
displaces,  it  continues  to  rise  until  it  reaches  such  a  height  that 
the  density  of  the  air  has  decreased  to  what  may  be  termed 
the  overall  density  of  the  balloon.  The  only  form  of  control 
which  it  is  possible  to  provide  the  free  balloon  with  is  a  means 
of  varying  its  weight.  This  is  done  by  loading  the  basket  with 
a  certain  amount  of  ballast  and  providing  a  gas  valve  for  the 
release  of  gas  from  the  envelope.  When  the  balloonist  desires 
to  rise  he  discards  ballast,  while  to  descend  he  releases  gas.  One 
other  fitting  is  provided,  namely,  a  ripping  panel.  When  a 
balloon  has  landed,  there  being  necessarily  no  party  to  receive 
it,  it  is,  owing  to  its  lightness  and  large  size,  subject  to  every 
gust  of  wind.  The  only  way  to  protect  it  is  to  deflate  it  as 
quickly  as  possible.  The  ripping  panel  is  a  specially  sewn 
section  of  the  fabric,  a  cord  lead  to  which  enables  the 
balloonist  to  rip  it  at  will.  This  he  does  at  the  moment  of 
landing. 

The  possible  uses  of  the  free  balloon  are  obviously  very 

limited.     Many  inventors  endeavoured  to  fit  it  with  some  form 
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of  propelling  device  which  would  render  it  independent  of  the 
wind  as  a  means  of  progression.  The  problem  was  not  a  simple 
one.  The  volume  of  gas  necessary  to  provide  the  buoyancy 
necessitated  a  large  envelope,  the  propulsion  of  which,  even 
against  only  a  slight  wind,  called  for  a  considerable  amount  of 
power.  It  was  not  until  the  advent  of  the  petrol  motor  with  its 
low  weight  per  horse-power  that  a  practical  solution  of  the 
problem  was  possible.  The  first  airships  constructed  differed 
little  from  the  present  non-rigid  type.  They  were  somewiiat 
crude  as  regards  detail,  and,  owing  to  the  high  weight  per  horse- 
power of  the  then  available  motors  their  range  of  flight  was 
very  limited,  as  was  their  power  to  fly  against  any  but  the 
lightest  of  winds.  Subsequent  development  has  been  due 
chiefly  to  the  improvement  of  the  aero  type  motor  and  to  the 
improved  detail  construction  which  has  been]  the  result  of 
continuous  experiment. 

The  envelope  of  a  free  balloon  is  always  spherical,  this  shape 
containing  more  gas  for  the  same  expenditure  of  material  than 
any  other.  On  account  of  head,  resistance  i this  shape  was  ob- 
viously impracticable  for  a  self -propelled ''airship.  The  first 
airship  envelopes  were  shaped  '.rather,  like,  an  elongated  Tegg. 
As  experiment  added  to  the  designer  s  knowledge  of  stream- 
lining, the  envelope  was  gradually  elongated  until  it  assumed 
the  proportions  adopted  to-day.  In  the  case  of  the  non-rigid 
type,  the  shape  approximates  to  that  adopted  for  the  section  of 
the  streamline  struts  of  an  aeroplane,  the  shape  being  of  a  very 
perfect  streamline  form,  its  perfection  of  streamline  shape  only 
being  limited  by  the  fact  that  it  must  be  made  of  as  large  a  gas 
capacity  as  possible.  In  the  case  of  the  rigid  type  construc- 
tional considerations  lead  to  the  adoption  of  a  form  more  parallel 
near  the  centre. 

Suppose  that  an  envelope  of  the  non-rigid  type  were  com- 
pletely filled  with  gas  at  ground  level.  As  it  ascends  the  pressure 
of  the  atmosphere  surrounding  it  gets  lower  and  lower ;  gas  has 
therefore  to  be  allowed  to  escape  or  the  envelope  would  burst. 
As  the  airship  descends  again  the  envelope  will  become  flabby.  In 
order  to  avoid  this  waste  of  gas  whilst  ascending  and  to  maintain 
the  shape  of  the  envelope  whilst  descending,  ballonets  are  fitted 
internally,  as  shown  in  Fig.  141.  A  centrifugal  air  pump  in  the 
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car  is  connected  to  these,  and  they  are  kept  pumped  up  to  a 
sufficient  pressure  to  maintain  the  shape  of  the  envelope.  Latterly 
the  pump  has  commonly  been  dispensed  with,  an  air  scoop  taking 
its  place,  the  forward  speed  of  the  ship  maintaining  a  sufficient 
pressure  in  the  scoop.  Portable  centrifugal  blowers  are  used  to 
inflate  the  ballonets  when  the  ship  is  on  the  ground.  When 
the  airship  is  on  the  ground  these  are  practically  full  of  air.  As 
it  ascends  air  is  discharged  from  them,  thus  conserving  the  air- 
ship's supply  of  hydrogen  ;  when  it  descends  air  is  again  pumped 
in.  The  loss  of  hydrogen  is  thus  reduced  to  that  which  leaks 
through  the  fabric  of  the  envelope.  In  this  connection  the 
effect  of  changes  of  temperature  alone  should  also  be  noted. 
Diurnal  variation  is  very  considerable  ;  there  are  also  more  rapid 
variations  which  are  chiefly  due  to  direct  heating  by  the  sun. 

Sudden  changes  of  the 
latter  type  may  render 
the  ship  very  difficult  to 
handle  when  near  the 
ground, — for  example, 
when  landing. 

It   will   be   noted  in 
FIG-  I4I<  Fig.   141  that  there  are 

two  of  these  ballonets,  one  situated  at  each  end  of  the 
envelope.  The  object  of  this  is  as  follows.  By  transferring 
air  from  one  ballonet  to  the  other,  the  centre  lift  of  the  hydro- 
gen contained  in  the  envelope  can  be  moved  forward  or  aft,  thus 
altering  the  trim  of  the  airship.  Valves  are  arranged  at  the  air 
pump  to  allow  of  this  transfer.  This  provides  a  ready  means 
of  fore  and  aft  control.  The  rigid  airship  carries  a  certain 
amount  of  water  ballast  in  distributed  tanks  by  the  transference 
of  which  it  effects  the  same  results. 

There  are  three  means  of  control  on  an  airship.  Firstly,  it 
can  alter  its  weight  by  the  dropping  of  ballast  or  the  release 
of  gas.  This  alters  its  speed  of  climb  or  descent.  Secondly, 
by  the  transference  of  air  between  the  ballonets  or  by  the  move- 
ment of  ballast,  it  can  alter  its  trim.  If  the  ship  is  in  motion, 
this  change  of  trim  will  cause  it  to  climb  or  dive  owing  to  the  air 
reactions  which  will  be  introduced  on  the  lower  and  upper 
surfaces  of  the  envelope.  Thirdly,  it  is  fitted  with  a  controllable 
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tail  similar  to  that  fitted  on  an  aeroplane.  The  operation  of  this 
depends  entirely  on  the  motion  of  the  airship  relative  to  the  air. 
A  further  means  of  control  is  sometimes  added  by  swivelling 
the  propellers.  These  are  driven  through  bevel  gearing  so  de- 
signed that  the  propellers  can  be  swung  round  in  such  a  way 
that  their  thrust  may  be  directed  forward  or  aft  or  upwards  or 
downwards  at  will. 

The  non-rigid  airship  consists  of  an  envelope  of  stream- 
line form,  from  which  is  suspended,  by  means  of  steel  wire 
rigging,  a  car,  which  houses  the  engines,  passengers,  and  all 
control  gear.  The  envelope  is  made  of  rubbered  cotton  fabric* 
This  fabric  is  made  of  varying  thickness  according  to  the  tension 
to  which  it  is  subject.  The  strength  is  varied  by  altering  the 
number  of  layers  of  fabric  of  which  it  is  composed.  The  joints 
are  made  by  seaming,  the  seam  being  overlaid  by  a  strip  of 
fabric  cemented  on  with  rubber  solution.  At  points  where 
rigging  is  attached,  it  is  specially  strengthened  by  the  addition 
of  patches.  The  envelope  is  usually  treated  with  special 
dopes  to  render  it  more  weather-proof,  and  to  prevent  the 
absorption  of  moisture.  The  tension  in  the  fabric,  assuming 
the  gas  pressure  uniform,  varies  as  the  diameter.  The  tension 
of  the  envelope  renders  it  sufficiently  rigid  to  support  the  weight 
of  the  framework  carrying  the  fins,  rudders,  and  elevators. 
These  are  braced  directly  on  to  it.  At  the  nose,  owing  to  the 
small  radius  of  curvature,  the  fabric  tension  is  not  very  great. 
The  pressure  of  the  air  in  flight  is,  however,  greatest  at  this  point ; 
a  special  stiffening  consisting  of  a  light  wooden  framework  is 
therefore  usually  fitted.  The  rigging,  which  supports  the  weight 
of  the  car  and  transmits  to  the  envelope  the  tractive  force  of 
the  engines,  is  commonly  carried  to  a  specially  strengthened  belt 
on  the  under  side  of  the  envelope. 

The  car  is  usually  divided  into  two  sections,  one  housing 
the  navigator,  passengers,  and  all  the  control  gear,  the  other  the 
engines.  The  propellers,  of  which  there  are  usually  more  than 
one,  are  either  carried  on  brackets  at  the  sides,  being  driven 
by  shafts  and  bevel  gears,  or  sometimes  at  the  end  of  the  car,  as  in 
aeroplane  practice.  The  general  shape  of  the  car  is  made  as 
nearly  streamline  as  constructional  considerations  will  allow. 
Little  need  be  said  of  the  engines.  They  are  usually  of  similar 
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type  to  those  used  in  aeroplanes.  On  all  but  the  smallest  air- 
ships there  are  more  than  one.  The  normal-sized  non-rigid 
airship  has  commonly  two  and  the  larger  ships  of  the  rigid  type 
five  or  more.  The  navigator  has  much  the  same  instruments 
as  are  used  on  an  aeroplane,  to  which  must  be  added  gauges 
showing  the  gas  pressure  in  the  envelope  and  ballonets.  These 
pressures  he  adjusts  by  means  of  valves,  the  controls  of  which 
are  situated  in  his  compartment.  The  rudders  and  elevators 
are  controlled  by  hand  wheels.  In  the  case  of  the  larger  rigid 
airships,  where  the  engines  are  situated  in  different  cars,  their 
control  is  centralised  by  means  of  telephones  coupled  to  the 
central  control  car.  One  of  the  chief  things  against  which  the 
designer  has  to  guard  in  the  construction  of  the  cars,  and  par- 
ticularly the  engine-rooms,  is  the  possibility  of  fire.  Fire  on  an 

airship  is  even  more  dangerous  than 
on  an  aeroplane.  In  addition  to  the 
possibility  of  the  petrol  supply  catch- 
ing, the  hydrogen  leaks  from  the 
envelope  may  become  ignited,  leading 
to  the  immediate  destruction  of  the 
airship. 

The  rigging  of  a  non-rigid  airship 
is  necessarily  somewhat  complicated. 
It  involves  a  very  great  length  of 
exposed  cable,  which  adds  considerably 
to  the  head  resistance  of  the  ship  in 
FlG-  I42'  flight.  This  has  been  overcome  to  a 

great  extent  in  the  Astra  type.  Here  the  envelope  is  in  the  form 
of  three  lobes,  a  section  of  which  is  given  in  Fig.  142.  This 
arrangement  admits  of  the  bulk  of  the  rigging  being  situated 
inside  the  envelope. 

The  rigid  type  of  airship  consists  of  a  rigid  framework  built 
of  struts  and  wires  covered  externally  with  fabric.  The  structure 
is  usually  built  of  duralumin,  or  in  some  cases  wood.  The  cross- 
bracing  is  composed  of  steel  wires.  The  outer  envelope  serves 
simply  to  provide  a  smooth  surface,  and  to  protect  the  frame- 
work and  gas  bags  from  the  weather.  The  gas  is  contained  in  a 
series  of  internal  gas  bags  of  cylindrical  shape.  The  general 
construction  is  illustrated  in  Fig.  143,  which  shows  a  section  of 
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the  nose  of  the  airship,  and  also  one  of  the  transverse  frames 
of  the  structure.  These  transverse  frames,  usually  about  twelve 
in  number,  consist  of  struts — usually  seventeen — of  built-up 
lattice  construction,  braced  by  a  series  of  radial  wires  as  indi- 
cated. These  main  transverse  frames  are  connected  by  a  series 
of  longitudinal  girders  running  the  length  of  the  ship.  These  in 
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their  turn  are  braced  by  a  series  of  intermediate  transverse 
frames,  which  have  no  radial  wiring.  The  structure  is  diagonally 
braced  with  wire  throughout.  Fig.  144  shows  a  small  section 
of  the  outer  framework.  BB  are  the  main  transverse  frames 
and  longitudinal  girders,  and  CC  are  the  intermediate 
transverse  frames.  There  is  one  gas  bag  arranged  between 
each  pair  of  main  transverse  frames 
(see  Fig.  143).  The  pressure  of  the 
bag  is  transmitted  to  the  framework 
by  means  of  netting  fixed  in  the 
inside  of  the  girders.  The  struc- 
ture is  further  strengthened  by  the 
addition  of  a  keel  either  external  or 
internal ;  this  is  shown  in  Fig. 
143.  This  keel  also  provides  a 
passage-way  connecting  the  differ- 
ent cars  and  providing  a  ready 
means  of  examining  the  different  parts  of  the  ship.  The  petrol 
tanks,  ballast  tanks,  pipe  lines,  and  control  cables  are  also  arranged 
in  the  keel,  where  they  are  readily  accessible  for  repair,  even  dur- 
ing flight,  if  necessary.  From  the  keel  a  vertical  passage-way  is 
provided,  leading  to  the  top  of  the  airship.  A  walking  way  is 
usually  run  from  end  to  end  along  the  top  of  the  structure 
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enabling  the  envelope  to  be  readily  inspected.  The  general 
particulars  of  a  recent  British  airship  of  the  rigid  type  are  as 
follows  :  length,  743  feet ;  diameter,  787  feet ;  total  lift,  73  tons  ; 
B.H.P.  of  engines,  1800  ;  ceiling  (maximum),  23,000  feet ;  speed, 
72  miles  per  hour.  The  magnitude  of  the  problem  of  both  design 
and  erection  of  a  structure  of  these  dimensions,  and  at  the 
same  time  of  so  light  a  weight,  is  very  evident. 

The  rigid  form  of  construction  offers  many  advantages  for 
a  large-sized  airship.  Owing  to  the  substitution  of  a  number 
of  smaller  gas  bags  for  the  one  large  envelope,  an  injury  to  the 
covering  will  normally  affect  only  one  of  these,  and  the  ship 
will  have  a  sufficient  margin  of  lift  to  continue  to  fly,  but 
at  a  lower  altitude.  Ballonets  and  fans  are  unnecessary. 
The  cars  may  be  built  directly  on  to  the  framework,  and  the  air 
resistance  of  rigging  avoided.  The  various  parts  of  the  ship 
are  accessible  during  flight.  The  cars  may  be  placed  in  such 
positions  that  they  load  the  structure  evenly,  and  the  separate 
propellers  can  work  under  efficient  conditions.  The  sub- 
division of  the  power  plant  into  a  number  of  entirely  separate 
units  makes  it  very  reliable  and  economical.  For  cruising,  one 
or  more  engines  may  be  stopped  down.  This  also  admits  of 
minor  repairs  being  done  on  long  flights. 

The  great  advantage  of  airships  as  a  class  is  that  they  are 
not  dependent  on  their  engines  to  maintain  them  in  the  air. 
They  can  make  use  of  any  favourable  air  current,  if  need  be, 
without  the  expenditure  of  any  engine  power  at  all,  and  can 
reserve  their  full  power  to  make  headway  against  adverse 
currents.  Fog  and  low  clouds  present  no  difficulties.  Owing 
to  the  more  stable  temperature  conditions  they  are  more 
easily  handled  at  night  than  by  day.  Their  main  dis- 
advantages are  their  cost  in  the  first  instance,  and  also  the 
cost  of  the  large  sheds  which  are  necessary  to  house  them. 
A  further  great  disadvantage  is  the  difficulty  of  handling 
them  in  a  wind.  The  problem  of  getting  them  safely  in  and 
out  of  their  sheds  is  considerable.  In  this  connection  the 
Germans  have  gone  so  far  as  to  construct  rotary  sheds  which 
can  always  be  turned  into  wind.  When  the  size  of  the  shed 
necessary  is  considered  it  can  well  be  imagined  that  an  under- 
taking of  this  nature  must  be  extremely  costly.  An  aeroplane 
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can  spend  a  few  days  in  any  convenient  field,  if  need  be, 
without  suffering  much  damage.  An  airship  must  be  housed  in 
a  shed,  unless  the  weather  is  favourable.  The  general  pro- 
vision of  these  sheds  must  necessarily  greatly  limit  the  develop- 
ment of  the  airship.  Mooring  masts  to  which  the  ship  is  tethered, 
and  which  are  of  sufficient  height  to  keep  it  clear  of  the  ground, 
have  been  used  with  some  success. 

It  is  not  proposed  to  deal  at  any  length  with  the  subject 
of  seaplanes.  The  idea  of  landing  on  water  occurred  early  in 
the  history  of  flight,  and  the  seaplane  has  grown  up  alongside 
the  land  machine.  The  advantages  of  a  machine  which  will 
alight  on  water  are  obvious,  and  in  the  earlier  days,  when  forced 
landings  were  frequently  to  be  anticipated,  they  were  par- 
ticularly evident.  The  seaplane  can  fly  from  place  to  place  over 
a  continuous  aerodrome.  Amphibious  machines  have  also  been 
constructed,  and  there  is  doubtless  a  considerable  future  for 
them.  Where  waterways  exist,  the  advantages  of  the  seaplane 
are  self-evident.  The  possibilities  of  the  seaplane  as  a  means 
of  opening  up  the  great  waterways,  both  civilised  and  unex- 
plored, of  the  world  are  immense.  The  seaplane  offers  the  same 
aerodynamic  problems  as  the  aeroplane  for  land  use.  Its  general 
construction  from  this  point  of  view  is  similar.  The  main  differ- 
ence lies  in  the  alighting  gear.  The  earlier  types  utilised  floats 
in  place  of  wheels,  and  many  of  the  lighter  machines  of  to-day 
are  fitted  with  these.  The  idea  of  using  the  fuselage  as  a  boat, 
however,  soon  occurred  to  designers,  and  the  flying  boat  has 
been  the  result.  This  has  been  built  in  all  sizes  from  single- 
seaters  up  to  sea-going  machines  of  very  large  dimensions, 
capable  of  weathering  comparatively  rough  seas. 

In  detail  design  the  seaplane  varies  from  the  land  machine 
in  many  points.  The  engine,  in  order  to  keep  it  and  the  pro- 
peller clear  of  the  water,  has  to  be  situated  very  high.  This 
necessitates  special  consideration  in  designing  the  tail  in  order 
to  procure  longitudinal  stability.  The  lowering  of  the  centre  of 
side  pressure  owing  to  the  presence  of  floats  or  a  boat  fuselage 
also  has  a  considerable  influence  on  the  lateral  stability.  Entirely 
self-contained  engine-starting  gear  is  also  a  necessity.  The 
bottom  planes  must  be  designed  to  resist  the  effects  of  moisture, 
and  in  sea-going  machines  the  sh  ocks  due  to  waves.  The  various 
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fittings   must   be   as   rustproof   as   possible.     Materials    which 
corrode  easily  must  be  avoided  in  their  construction. 

A  parachute  may  perhaps  be  classed  as  a  form  of  aircraft 
Its  only  man-carrying  use  is  as  a  means  of  descending  in  an 
emergency.  It  has  been  used  successfully  for  dropping  mails  or 
other  loads  from  aeroplanes  at  places  where  a  landing  is  either 
impossible  or  inexpedient.  The  parachute  is  shaped  like  the 
covering  of  an  umbrella  and  is  made  from  light,  strong  fabric, 
the  load  being  carried  by  means  of  a  number  of  cords  attached 
to  equally  spaced  points  on  its  periphery.  At  the  centre  of 
the  fabric  is  a  large  hole.  This  serves  to  stabilise  the  parachute 
in  descent  owing  to  the  effect  of  the  jet  of  air  which  is  forced  through 
it.  In  the , absence  of  this  device  the  load  may  commence  to 
swing,  and 'the  oscillations  may  develop  to  such  an  extent  that 
the  parachute  may  entirely  overturn.  The  parachute  is  folded 
in  such  a  manner  that  as  it  falls  the  air  gets  into  it  and  it  opens 
automatically.  The  load,  be  it  man  or  goods,  must  fall  freely 
a  certain  distance  before  this  opening  takes  place.  Satisfactory 
descents  have  been  made  from  aeroplanes.  In  the  case  of  serious 
fire,  for  example,  a  parachute  provides  the  only  means  of  escape 
for  the  occupants.  When  designed  for  use  in  this  manner  the 
parachute  is  usually  packed  in  a  case  strapped  to  the  pilot's 
back,  the  \ 'cords  being  fixed  to  a  suitable  harness  designed  to 
distribute  the  sudden  load  which  accompanies  the  opening  of  the 
envelope  evenly  over  the  body.  In  an  emergency  the  pilot  or 
passengers  would  spring  clear  from  the  craft,  at  the  same  time 
releasing  their  parachutes. 


CHAPTER   XXX11 
THE  WEATHER 

A  VERY  large  part  of  man's  energies  is  consciously 
or  unconsciously  directed  towards  making  himself  as 
far  as  possible  independent  of  weather  conditions.  The 
aviator  has  to  face  the  same  problem  from  a  somewhat  different 
point  of  view  from  that  of  other  men.  To  ensure  success  in  com- 
mercial aviation  the  general  working  must  be  unaffected  by  any 
but  the  most  abnormal  conditions.  The  modern  aeroplane 
can  be  flown  in  any  weather  which  permits  of  two  essentials : 
firstly,  that  the  pilot  should  be  able  to  see  the  ground  sufficiently 
to  enable  him  to  land ;  secondly,  that  the  weather  is  not  so 
boisterous  as  to  make  it  unsafe  to  move  the  machine  on  the  ground. 
The  first  condition  precludes  falling  snow,  fog,  and  heavy  ground 
mist ;  the  second,  any  wind  of  exceptional  strength.  The  prob- 
lem of  cross-country  flying  is  further  complicated  in  bad  weather 
by  the  wind  effect  on  the  speed  of  the  machine  and  consequently 
on  its  possible  radius  of  action.  Generally  speaking,  however, 
if  the  weather  conditions  admit  of  the  machine's  being  safely 
taken  off  the  ground,  and  landed  again,  only  very  exceptional 
circumstances  will  prevent  a  cross-country  flight  being  made. 
The  modern  machine,  particularly  if  it  be  of  a  multiple  engine 
type,  can  be  practically  guaranteed  against  the  necessity  of 
having  to  make  a  forced  landing,  and  the  length  of  its  journey 
is  therefore  only  limited  by  its  petrol  capacity  and  the  strength 
and  direction  of  the  existing  wind. 

Flying  in  bad  weather  calls  for  a  considerable  amount  of 
skill  and  determination  on  the  part  of  the  pilot.  It  is  not  pleasant, 
and  at  the  present  stage  of  development  of  aeroplane  design,  it 
imposes  a  certain  nervous  strain  which  a  pilot  cannot  fairly 
be  expected  to  undergo  as  a  matter  of  regular  routine.  The 
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effect  on  the  aeroplane,  as  at  present  constructed,  of  flying  in 
bad  weather  has  also  to  be  considered.  Rain  or  hail  are  very 
injurious  to  the  leading  edges  of  the  planes  and  to  the  propeller. 
Developments  in  the  design  of  machines  for  this  special  work  can, 
however,  be  relied  upon  to  provide  against  these  disadvantages 
in  the  future.  Experience  has  proved  a  snowstorm  to  be  the 
most  dangerous  condition  for  flying.  The  pilot's  visibility  is 
entirely  obscured  and  the  air  conditions  are  extremely  severe. 

The  problem  of  running  an  aeroplane  service  to  a  time-table 
with  the  same  regularity  as  is  achieved  by  a  railway  service  is 
of  interest.  Owing  to  variable  winds,  the  journey  between  two 
points  must  necessarily  occupy  a  different  time  on  different  days. 
The  operational  difficulties  of  the  problem  are  as  follows  :  getting 
into  the  air,  navigating  between  the  termini,  and  getting  on  to 
the  ground  again.  The  first  calls  for  a  machine  of  sufficient 
structural  strength  and  with  a  sufficient  margin  of  engine  power 
to  withstand  bumps  due  to  the  turbid  condition  of  the  air  near 
the  ground.  Safety  whilst  moving  along  the  ground  can 
probably  be  secured  by  providing  a  very  wide  undercarriage. 
Once  in  the  air,  multiple  engines  having  a  sufficient  margin 
of  power  may  be  relied  upon  to  ensure  entire  dependability. 
The  machine  might  be  navigated  with  absolute  accuracy  by  means 
of  wireless  without  the  pilot's  at  any  time  seeing  the  ground  over 
which  it  was  flying.  The  crux  is  the  landing  at  the  journey's 
end.  The  problem  of  safe  landing  in  a  thick  fog  has  yet  to  be 
solved.  It  remains  to  be  seen  whether  a  solution  will  be  found 
in  some  special  type  of  illumination  capable  of  piercing  the  fog, 
or  in  some  more  mechanical  device.  Alternatively  a  fog-shrouded 
aerodrome  might  be  temporarily  avoided,  machines  being  diverted 
by  wireless  messages  to  some  more  favourable  landing-place. 
The  main  essentials  to  a  successful  aeroplane  service  are  ample 
and  absolutely  reliable  power  and  the  installation  of  a  definite 
system  of  wireless  communication. 

The  study  of  the  weather  and  of  such  conditions  as  affect 
it  is  of  great  importance  to  the  pilot.  As  flying  becomes  more 
general,  meteorological  reports  and  forecasts  adapted  to  his 
special  needs  will  doubtless  become  more  generally  available. 
Confidence  in  these  forecasts,  however,  is  greatly  increased  by 
a  knowledge  of  the  principles  upon  which  they  are  worked 
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out";  moreover,  the  pilot  is  bound  at  times  to  have  to  depend  on 
his  own  knowledge  and  experience. 

The  chief  feature  of  the  weather,  particularly  in  Western 
Europe,  is  its  variability.  It  not  only  varies  considerably  from 
hour  to  hour,  but  also  from  place  to  place.  The  weather  at  two 
places — say,  a  hundred  miles  apart — may  change  its  character 
completely  in  the  course  of  a  few  hours,  improving  in  the  one 
place  and  becoming  worse  in  the  other.  The  wind  likewise 
may  change  in  direction  and  velocity  at  the  two  places.  It  is 
not  sufficient  to  obtain  a  telegraphic  report  from  the  place  to  be 
flown  to,  although  this  may  be  helpful,  especially  if  it  be  possible 
in  any  way  to  anticipate  the  tendency  of  the  weather.  Weather 
changes  occur  in  accordance  with  certain  laws  which  are  per- 
fectly well  understood  and  from  which  they  can  be  prophesied 
with  a  considerable  degree  of  accuracy.  Fortunately  the  weather 
conditions  most  dangerous  for  aviation  are  those  most  easily 
prognosticated. 

The  main  causes  of  weather  changes  are  varying  winds.  Wind 
results  chiefly  from  variations  in  the  pressure  of  the  atmosphere 
— i.e.  the  barometric  pressure.  It  is  further  affected  by  the 
rotation  of  the  earth.  As,  however,  the  velocity  of  the  earth  is 
the  same  at  any  particular  latitude  the  variation  in  atmospheric 
pressure  must  be  looked  to  for  the  causes  of  changes  in  the 
wind  at  any  particular  place.  Let  the  effect  of  the  barometric 
pressure  in  producing  wind  be  considered.  The  air,  like  any 
other  fluid,  tends  to  flow  from  a  region  of  high  pressure  to  one 
of  low  pressure.  If  the  pressure  at  A  is  less  than  at  B,  there 
will  be  a  tendency  for  air  to  flow  from  B  to  A,  thus  creating  a 
wind.  Further,  the  rate  at  which  it  flows  will  depend  on  the 
amount  of  the  difference  in  pressure  (i.e.  "  pressure  gradient  ") 
between  the  two  points.  It  is  thus  evident  that  in  order  to 
study  these  effects  the  meteorologist  must  be  furnished  with 
simultaneous  barometer  readings  from  a  large  number  of  places. 
From  such  data  a  map  such  as  is  shown  in  Fig.  145  is  prepared. 
Here  lines  such  as  X,  Y,  and  Z  are  drawn,  joining  all  points  at 
which  the  pressure  is  the  same.  The  meteorologist  takes  for 
his  unit  of  atmospheric  pressure  the  Bar,  which  is  a  convenient 
standard  measurable  in  centimetre-gramme-second  units, 
and  which  approximates  to  the  normal  barometric  pressure. 
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The  Bar  is  subdivided  into  1000  Millibars.  The  pressure  dis- 
tribution map  usually  shows  lines  for  from  every  two  to  ten 
millibars  pressure  according  to  the  scale  of  the  map  and  the 
completeness  of  the  data  from  which  it  is  compiled.  These 
lines  are  analogous  to  the  contours  on  a  land  map  and  are  called 
Isobars.  The  map  commonly  exhibits  areas  of  low  and  of  high 
pressure.  These  are  termed  "  Cyclonic  "  and  "  Anticyclonic  " 
areas  respectively,  and  are  indicated  at  A  and  B  in  Fig.  145. 
The  wind  due  to  the  pressure  gradient  would  tend  to  flow  from 
B  to  A.  However,  the  effect  of  the  earth's  rotation  considerably 
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FIG.  145. 

modifies  this,  causing  the  wind  almost  to  follow  the  isobars, 
crossing  them  at  a  slight  angle  towards  the  low  pressure  area. 
The  winds  in  the  Northern  Hemisphere  circulate  in  an  anticlock- 
wise direction  and  inwards  about  a  cyclonic  area,  and  clockwise 
and  outwards  'from  an  anticyclonic  area.  In  the  maps  of  this 
type  the  wind  is  indicated  by  arrows  drawn  flying  with  it. 
The  velocity  of  the  wind  is  indicated  by  the  number  of  barbs 
according  to  the  Beaufort  Scale.  The  Beaufort  Scale  is  very 
useful  for  the'purpose  of  approximating  the  ground  wind  speed. 
It  is  tabulated  in  the  Appendix.  It  will  be  noted  that  the  wind 
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velocity  is  greatest  on  the  sides  of  the  depression  where  the 
pressure  gradient  is  a  maximum  and  light  and  somewhat  in- 
determinate in  direction  at  the  centres  of  either  high  or  low 
pressure.  Cyclones  and  anticyclones  move  about  over  the 
surface  of  the  globe.  The  former  usually  move  fairly  rapidly. 
The  latter  are  usually  of  larger  area  and  slower  of  movement. 
In  this  part  of  the  world  cyclones  nearly  always  travel  in  a 
North-Easterly,  Easterly,  or  South-Easterly  direction. 

The  winds  near  the  ground  are  largely  affected  by  local 
conditions,  such  as  hills.  At  higher  altitudes  they  tend  to  follow 
the  isobars  more  accurately.  As  the  height  is  increased,  the 
wind  is  generally  found  to  grow  stronger,  and  its  point  of  origin 
usually  swings  slightly  in  a  clockwise  direction.  This  is  due  to 
ground  friction,  local  temperature  conditions,  and  the  effect 
of  the  rotation  of  the  earth.  During  variable  weather  the 
conditions  are  much  more  constant  at  high  altitudes  than  near 
the  ground.  On  stormy  days  high  clouds  may  sometimes  be 
observed  to  be  moving  in  a  very  different  direction  to  those 
near  the  ground. 

Cyclones  and  anticyclones  are  accompanied  by  certain 
characteristic  forms  of  weather.  As  they  move  about  over 
the  surface  of  the  earth  the  weather  conditions  associated  with 
them  are  carried  with  them.  The  cyclone  is  accompanied  by 
Northerly  wind  and  improving  weather  on  its  Western  side, 
light,  indeterminate  winds  and  probably  heavy  rain  at  the  centre, 
and  overcast  weather  with  rain  accompanied  by  Southerly 
winds  on  its  Eastern  side.  The  strength  of  the  winds  and  the 
general  severity  of  the  conditions  vary  according  to  the  depth 
of  the  depression.  The  anticyclone  is  characterised  by  fine 
weather  and  light  winds,  and  it  generally  provides  excellent 
flying  conditions,  although  the  visibility  may  often  be  poor. 

The  isolated  observer  can  gauge  approximately  the  position 
of  these  cyclonic  and  anticyclonic  areas  by  observing  the  wind. 
If  he  face  the  wind,  the  low  pressure  area  is  on  his  right  hand 
and  the  high  on  his  left.  This  is  Buys  Ballot's  Law.  Suppose 
that  a  cyclone  is  moving  past  him  on  the  North  side  and  in  an 
Easterly  direction.  That  is  to  say,  he  is  at  the  point  C  in  Fig.  145. 
The  point  of  origin  of  the  wind  will  move  first  in  a  Westerly 
direction,  the  wind  getting  stronger  and  the  weather  becoming 
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rainy.  As  the  cyclone  passes  him  the  wind  will  increase  again, 
its  origin  now  moving  in  a  Northerly  direction,  and  the  weather 
will  improve.  The  barometer  during  this  cycle  will  first  have 
fallen  and  subsequently  have  risen  again.  This  cycle  of  changes 
commonly  takes  about  twenty-four  hours  in  this  country,  but 
may  take  considerably  less..  A  series  of  cyclonic  depressions 
are  frequently  observed  to  follow  one  another  across  the  British 
Isles  during  the  winter  months. 

The  influence  of  cyclonic  and  anticyclonic  depressions,  as 
far  as  the  airman  is  concerned,  does  not  end  at  the  question  of 
local  weather  conditions.  Where  long  cross-country  flights 
are  to  be  made,  the  study  of  the  pressure  distribution  in  the 
neighbourhood  of  the  route  may  enable  the  pilot  to  avail  himself 
of  more  or  less  favourable  winds  and  weather  on  both  the  out- 
ward and  the  return  journeys.  For  example,  if  the  flight  is 
from  London  to  Rome  and  back,  and  an  anticyclone  exists  over 
the  centre  of  France  on  the  outward  journey,  an  Easterly 
course  might  be  adopted,  and  on  the  return  a  more  Westerly 
course  might  be  taken  across  the  South  of  France.  Local 
weather  conditions  apart  from  wind  directions  would,  of  course, 
also  have  to  be  considered,  especially  if  high  mountains  are  to 
be  crossed. 

When  the  average  conditions  are  considered  over  the  surface 
of  the  globe,  it  is  found  that  in  certain  areas  high  pressure 
conditions,  and  in  others  low  pressure  conditions,  generally 
prevail.  The  locality  and  intensity  of  these  conditions  vary 
to  some  extent  with  the  seasons  and  are  also  liable  to  be  dis- 
turbed in  different  localities  to  a  varying  degree  by  purely  local 
weather  conditions.  The  fact  remains,  though,  that  in  most 
places  a  certain  type  of  wind  prevails.  The  world  air  routes  of 
the  future  will  as  far  as  possible  be  chosen  so  as  to  take  advantage 
of  these.  The  great  air  routes  will  have  to  be  standardised  in 
some  manner,  and  the  prevailing  pressure  distribution  will  be 
one  of  the  chief  factors  in  determining  them.  The  trade  winds 
which  blow  with  great  constancy  in  the  Equatorial  Belt  and  are 
made  use  of  by  sailing  ships  are  examples  of  the  most  constant 
winds  of  which  the  airman  will  likewise  avail  himself. 

Clouds  and  mist  must  always  be  an  obstacle  to  the  aviator. 
Some  remarks  on  their  nature  and  formation  may  therefore 
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be  of  interest.  The  atmosphere  always  contains  a  certain 
amount  of  water  vapour.  This  is  carried  in  solution  in  exactly 
the  same  manner  as  salt  may  be  dissolved  in  water.  Hot  water 
will  dissolve  more  salt  than  will  cold.  If  a  hot  saturated  solu- 
tion of  salt  be  cooled,  crystals  of  salt  will  be  deposited.  In 
the  case  of  a  solution  of  water  in  air  exactly  the  same  phenomena 
are  met  with.  Water  is  more  readily  soluble  in  warm  air. 
By  successively  cooling  air  containing  water  vapour  the  satura- 
tion point,  called  the  Dew  Point,  is  reached.  If  the  air  then  be 
further  cooled  small  drops  are  deposited  in  the  form  of  mist. 
Clouds  consist  of  masses  of  mist  so  formed.  The  quantity  of 
water  which  air  will  dissolve  varies  very  greatly  with  the  tempera- 
ture, a  variation  of  30°  F.  in  temperature  will  multiply  three 
times  the  amount  of  water  which  the  air  will  dissolve.  It  is 
thus  seen  that  no  very  great  changes  of  temperature  are  re- 
quired in  order  that  clouds  shall  be  formed.  Rain  occurs  when 
further  cooling  takes  place.  Large  particles  of  water  are  formed 
which  are  too  heavy  to  be  held  in  suspension. 

The  highest  fleecy  white  clouds  known  as  Cirrus,  which  are 
above  the  level  of  normal  flight,  owing  to  the  low  temperature 
at  the  level  of  their  formation,  consist  of  ice  crystals.  The 
lower  clouds  with  which  the  aviator  usually  meets  may 
be  grouped  as  either  sheet  clouds  or  heap  clouds.  Sheet  clouds 
are  the  result  of  the  stratified  nature  of  the  atmosphere.  Layers 
of  warm  air  coming  in  contact  with  cooler  layers  become  cooled 
below  their  saturation  temperature,  cloud  being  formed  at  the 
surface  of  contact.  The  cloud  layer  may  be  continuous  or  may 
consist  only  of  isolated  clouds.  Heap  clouds  owe  their  forma- 
tion to  rising  currents  of  air.  which  become  successively  cooled 
as  they  rise. 


APPENDIX 

TABLE  I 
MISCELLANEOUS   DATA 

A  Statute  Mile  =  5280  Feet  =  1-609  Kilometres. 

60  Miles  per  Hour  =  88  Feet  per  Second  =  26-82  Metres  per  Second. 

A  Nautical  Mile  =  6080  Feet  =  One  Minute  of  Latitude  =  1*15  Statute  Miles. 

A  Knot  =  One  Nautical  Mile  per  Hour. 

i  Horse  Power  =  33,000  Foot-Pounds  per  Minute. 

TT  =  3-1416. 

g  =  Acceleration  due  to  Gravity  =  32*2  Feet  per  Sec.  per  Sec. 

Weight  of  i  Cubic  Foot  of  Water  =  62-3  Ibs. 

Weight  of  i  Cubic  Foot  of  Petrol  =  44  Ibs  (mean). 

Weight  of  i  Cubic  Foot  of  Oil  =  58  Ibs  (mean). 

A  Gallon  of  Water  Weighs  10  Ibs. 

Mass  of  i  Cubic  Foot  of  Air  =  o '00237  Pounds. 

Temperature  in  degrees  Centigrade  =  £  (Temp.  °  Fahrenheit— 32)  =  Temp.  ° 

Absolute  — 273. 

Normal  Barometer  =  30  inches  =  760  millimetres  =  1016  millibars. 
Correction  of  Air  Speed  Indicator  for  Height  =   +    1*6   per  cent  per   1000 

Feet. 
Boiling  Point  of  Water  falls  i°  Centigrade  per  1000  Feet. 
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TABLE   II 
MECHANICAL   PROPERTIES   OF   MATERIALS 


Material. 

Weight 
Ibs.  per 
cub.  ft. 

Ultimate 
Tensile. 
Tons  per 
sq.  in. 

Extension 
per  cent 
on  2  in. 

Modulus  of 
Elasticity. 
Tons  per 
sq.  in. 

Remarks. 

Steel  Mild      .     .     . 

480 

25-35 

45-35 

13500 

Forged  .... 

... 

35-45 

28-22 

Medium  Carbon. 

Annealed  Carbon. 
Tempered  Carbon 

45-50 
60-70 

20-15 

|  Spring  Steel. 

Piano  Wire  (Soft) 
.,    (Hard) 

60-70 

IOO-I20 

... 

1  Depending  on  the 
\-    diameter  of  the 
j      wire. 

Low  Nickel     .     . 

... 

35-40 

30-20 

\  Annealed   or   Oil 
/     Hardened. 

High  Nickel    .     . 

60-80 

20-15 

... 

Heat  Treated. 

Nickel  (for  Valves) 

45 

50 

...             ... 

Nickel  Chrome     . 

... 

5° 

20 

Annealed. 

»           » 

80-100 

10-5 

Heat  Treated. 

Aluminium-Rolled  . 

I65 

10 

6 

5OOO 

... 

Cast  Alloys      .     . 

170-190 

10-12 

12-7 

... 

Duralumin-Sheet 
Forgings 

175 

26 

23 

18 

4700 

JHeat  Treated. 

Copper-  Annealed 

550 

12-14 

50-40 

5500 

Yield  Stress  4. 

Gun  Metal      .     .     . 

540 

I2-I8 

25-10 

5000 

... 

Phosphor-Bronze      . 

535 

15-20 

8-2 

6OOO 

... 

Lead     

710 

Ash  (with  grain)  .     . 

40-45 

0-55-0-65 

550 

^  Ult.  Compressive 
/     0-30-0-35. 

Spruce  (with  grain)  . 

25-25 

0-30-0-40 

550 

\Ult.  Compressive 
/     0-25-0-30. 

Walnut      .     .     .     . 

35-40 

0-45-0-50 

600-650 

\Ult.  Compressive 

Mahogany      .     .    ', 

35-40 

o"8-o*9 

700 

\Ult.  Compressive 
/     0-40. 

Linen  Fabric  .     .     . 

Weight  4-5  oz.  per  sq.  yd.     Tensile  85-100  Ibs.  per  in.  width. 

„          „      doped  . 

»       6-7   ,,    ,,     ,,    „            ,,     100-125   ,,     ,,     ,,       ,, 

(Warp  direction  stronger  than  weft.) 

TABLE  III 
STRENGTH  OF  HIGH  TENSILE  STEEL  WIRE  (SOLID) 


Standard  Wire  Gauge           .... 

10 
2CQO 

12 
IQOO 

J4 
I2OO 

16 
800 

Stress  in  Tons  per  Square  Inch    . 

90 

100 

105 

1  10 

APPENDIX 

TABLE  IV 
STRENGTH  OF  FLEXIBLE  STEEL  CABLE 
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Diameter  (inches)           .         .         .        0*075 
Breaking  Load  (cwt.  )    .                               5 

0*115 

10 

0-137 
15 

0-150 

20 

O'l68 
25 

TABLE  V 
MOMENTS   OF   INERTIA   OF   COMMON   SECTIONS 


£ 


ri-rf 


I 

1 
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H 

•si 

2<S 


ca 


10  ON 


I-O    O         013    O 

i  c  r^s       o  c  .-73 

i    cJ  PL,        ^O    «*  PH 


T3    O          O  T3    O 

era       o  crp: 


I  § 

VO  fO 


III 

^"•2 


O  10 


to  10 


c  tJ 

:"s£ 


VO  t^. 

O  *-o 


10  10 


'b 


O  PH'  PM*  -2  p; 

|a  IK  & 

gvS  ^   §v  US- 

pq  i-  _  «  Tt 


CD 
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TABLE  VII 
THE   BEAUFORT   SCALE   OF   WIND   FORCE 


Beaufort 
Number. 

General 
Description. 

General  Observations. 

Limits  of 
Mean  Velocity. 
Miles  per  hour 
at  surface. 

o 

Calm  .... 

Calm  ;  smoke  rises  vertically 

Less  than  i 

I 

Light  Air     .     . 

/Direction  of  wind  shown  by  smoke  but  not\ 
\     by  wind  vanes         .         .         .         .         ./ 

i-3 

2 

Slight  Breeze    . 

/Wind  felt  on  face  j  leaves  rustle,  ordinary^ 
\     vane  moved  by  wind       .         .         .         .  / 

4-7 

3 

Gentle  Breeze   . 

Leaves  and  small  twigs  in  constant  motion 

8-12 

4 

Moderate  Breeze 

(  Raises  dust  and  loose  paper;  small  branches"! 
\     are  moved      .         .         .         .         .         .  f 

13-18 

5 

Fresh  Breeze     . 

Small  trees  in  leaf  begin  to  sway;  crested  \ 
wavelets  formed  on  inland  water     .         .  / 

19-24 

Large  branches  in  motion  ;  whistling  heard  "j 

6 

Strong  Breeze  . 

in  telegraph  wires  ;  umbrellas  used  with  [- 

25-31 

difficulty  J 

7 

High  Wind  .     . 

Whole  trees  in  motion;  inconvenience  feltl 
when  walking  against  wind     .         .         ./ 

32-38 

8 

Gale  .... 

f  Breaks  twigs  off  trees;  generally  impedes! 

39-46 

9 

Strong  Gale.     . 

/Slight  structural  damage  (chimney  pots  and) 
\     slates  removed)       .         .         .         .         ./ 

47-54 

10 

Whole  Gale.     . 

f  Seldom  experienced  inland  ;  trees  uprooted  ;\ 
\     considerable  structural  damage  occurs      .  f 

55-63 

INDEX 


A.  B.C.     Dragonfly     Engin 
Plate  IX. 

Aerobatics     ... 
Aerodrome — Choice  of    . 

Shape     ... 

Surface  ... 

Surroundings  . 
Aerofoil          ... 
Aeroplanes — Particulars  of 
Aileron  ... 

Controls 

Airco  IA  Pusher — Plate  X. 
Airco  1 8 — Plate  IV. 
Air  Flow — Conditions  of 
Airship — General   .          .. 

Advantages  of 

Astra  Type     . 

Control  System 

Non- Rigid 

Rigid— Plate  XVI.  . 
Air  Speed  Indicator — Principles 

Description — Plate  XII.  . 

Testing  .... 

Altitude  Correction 
Altimeter — See  Aneroid. 
Altitude — General  Effects  of  . 

Air  Speed  Indicator  Cor- 
rection        .         . 

Boiling  Point  of  Water    . 

Engine  Effects 

Machine  Performance       . 

Physiological  Effects 
Aluminium    .          .          •          . 

Pistons  .... 
Aneroid — Construction  of        . 

Corrections  in  use    .          . 
Angle — See  Incidence,  Glide,  etc. 
Anticyclone  .          ., 
Aspect  Ratio 

Atmosphere — Effect  of  Altitude 
Avro  Baby — Particulars  of 

Babbit  »    •     . 

Balloon — General  . 
Ballonets — Use  of  . 
Banking — Reason  for 

Control  during 

Bearing  Plate — See  Drift  Sight. 
Bearings — General 
Beaufort  Scale 
Bending  Stresses  Uneconomical 

Of  struts  to  be  avoided     . 


PAGE 

Bentley  Rotary  Engine  —  Plate        PAGE 

III. 

192 

Biplane  v.  Monoplane 

48 

220 

Braced  Structures  .          .          .42 

.  73 

221 

Buildings       .... 

225 

222 

Bumps           .... 

205 

221 

Buys  Ballot's  Law 

255 

II 

262 

Cable  —  Used  for  Controls 

62 

15 

Splices    .... 

77 

58 

Strength  of     . 

261 

Carburettor  —  Principles 

106 

262 

Air  Leaks 

116 

6 

Altitude  Control 

232 

243 

Choke  Tube    . 

107 

248 

Choking 

142 

246 

Claud  el-Hobson       .           no, 

"5 

244 

Float  Chamber 

108 

244 

Pilot  Jet          ... 

in 

247 

Popping 

if 

3          169 

Rotary  Engines  —  for 

170 

Troubles 

115 

172 

Zenith—  Plate  VIII.          .109, 

115 

230 

Castor  Oil  —  Use  of 

102 

Ceiling            .... 

230 

228 

Centre  of  Gravity  . 

4 

of  Pressure      .         .    ,     , 

9 

230 

Section—  Rigging     .         .. 

184 

I64 

Centrifugal  Force  . 

5 

231 

Characteristic  Curves      .          • 

27 

230 

Charts            .         .         .          . 

208 

233 

Chord  

ii 

36,  260 

Claudel-Hobson  Carburettor   .no, 

"5 

105 
1  60 

Clerget  Engine  —  Plate  XI. 
Climb  —  Rate  of      ... 

161 

Climbing  Flight      . 
Clinometer  Level   . 

?8 
176 

254 

Clothing         .... 

234 

13 

Clouds  —  Formation,  etc. 

256 

228 
262 

Compass  —  General 
Aero  Type—  Plate  XII.    . 

165 

167 

Correction  of  . 

1  68 

38 

Deviation 

1  68 

242 

Friction  Error 

169 

244 

Turning  Error 

169 

Constructional  Principles 

40 

197 

Contact  Breaker  —  See  Magneto. 

Control  —  General 

56 

104 
243 

Airships  —  Forms  of 
Adjustment  of 

244 
36 

42 
44 

Balancing 
Duplication  of 

60 
61 
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Control  (continued) —  PAGE 

Pulleys  and  Fairleads  .  62 

Lightness  .  J  .  ..  30 

Taking  off  .  «  206 

Slip  Stream  Effect  .  56 

Copper           .          .      .  .37,  260 

Course — See  Navigation 

Cyclone         .          .  «  254 

Cylinders — Construction  .  105 
Napier  Lion— Plate  VII. 

Data — Miscellaneous       .  *  259 

Density — Atmosphere     .  •.  228 

Deviation  of  Compass     .  .  168 

Dihedral  Angle       .          .    ,  .  15 

Stability — Effect  on  .     15,22 

Dip — Magnetic       .  .  166 
Distributor — See  Magneto. 

Diving — Loads  on  Machine  .  192 

Doping — Fabric     .          .  .  40,  260 

Cylinders         .          «-;•'•  140 

Drag  or  Drift          .          ,  V  n 

Drift  Sight    ....  215 

Bearings  measured  by  ,.  217 

Ductility                 .          .  *  33 
Duralumin    .          .          ...  37,  260 

Earth  as  a  Magnet           .  ,-., •  .'     166 

Eddying  Flow  of  Air      >  .  7 

Elasticity — General         .  .  33 

Electricity — Principles  of  *  117 
Elevators      .          .       •»'.•»"        14 

Control  of        .          ..  .   ;        58 

End  Effect             .          .  .     13,  85 

Engine — Aero — General .  .  90 

Accessibility          :  »  .  96 

Altitude — Effect  on  .  231 

Balance.          »          »'    .  .  91 

Brake  Test      .          ,!'  .  155 

Care  of — General     VM  ,  t ,       151 

Choking            .      i    ..  .  142 

Cold  Weather  Precautions  156 

Control  Levers          .  .  59 

Decarbonisation       .  .  154 

Desiderata       .          .  .  94 

Details — General      .  .  99 

Failure — Causes  of  .  .  156 

Faults — Diagnosis  of  .  144 

Fire         ....  97 

Handling  in  Air        .  .  142 

Log  Books       .          .  .  152 

Loss  of  Power           .  .  149 

Misfiring  Causes       .  .  146 

Oiling  Systems         .  .  100 

Overhaul         .          .  I53-I55 

Running  up     .          .  .  141 

Reliability       .          .  .  94 

Simplicity  desirable  .  96 

Starting           .          .  .  138 

Tractive  Effort         .  .  31 


Engine  (continued) —  PAGE 

Types     .          .          .  *  92 

Weight  Considerations  .  94 

Workmanship           .  .  99,  150 

Erection  of  an  Aeroplane  .  181 

Exhaust — Inferences  from  .  197 

Fabric — Strength  of        .  .  40,  260 

Main  Planes              .  .  53 

Fan  Type  Engine           .  .  92 

Fatigue  of  Metals           .  .  34 

Filters — Oil  and  Petrol  .  .  137 

Fin — Use  of  .          .          .  .  16,  22 

Too  large — Effect  of  .  23 

Flow  of  Gases         ...  6 

Flying  Boats  .          .  .  249 

Supermarine — Plate  XV. 

Flying  Instruction           .  .  187 

Practical          ...  202 

Flying  Position    •  u"         .  .  1 75 

Friction — Air          ...  9 

Fuselage — General           •  .  64 

Bracing            .          •  •  66 

Joint  Plates    .          .  ,  75 

Rigging            ....        .  *  182 

Glide — Angle  of      .          *.'.••  19 

Gliding  Flight       • .,          .  *  19 

Gun  Metal     .          .          .  .38,  260 

Gyroscopic  Action ...  .  93 

Half -Time  Shaft    .          .  .-        90 

Height — Importance  of  .  .  205 

Hooke's  Law          «         .  «  33 

Horse-Power          .         .«  •  .  5 

Ignition — Electrical  Principles  117 

Dynamo  Systems     .  .  125 

Pre-ignition     .     ,-,<••"  .  M8 

Troubles          .         ...<•.,-.  .  126 

Wiring — Care  of      ,  .  127 
See  Magneto. 

Immelman  Turn    .         .  .  200 

Incidence — Angle  of  .  1 1 

Speed — Relation  to  .  n 

Adjustment  of          .  .  185 

Induction  Coil        .          .  .  118 

Induction — Forced          .  .  223 

Inspection — General        .  .  236 

Daily  Routine          .  .  238 

Taking  Over   .          .  .  240 

Instruction — Flying        .  .  187 

Progressive  Dual      .  .  189 

Instruments — General    .  .  158 

Engine  .          .          .  .  *45 

Joint  Plates  .         .          .  .  44.  75 

Joy  Stick       ....  57 

Keel— See  Side  Surface. 


INDEX 
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Landing — General 

Bad — Causes  of 

Cross  Wind      . 

Forced    . 

Landmarks — Comparison  of 
Level — Clinometer 

See  Cross  Bubble. 
Lift       .          .          .          ./. 

Effect  of  Incidence  . 
Lift-Drag  Ratio      . 
Limit  Gauges 
Log  Books     . 
Loop     .... 
Low  Flying — Danger  of 


PAGE 
195 
196 
196 
2O6 
208 
I76 

II 

28 

12,  28 
237 

152,179 
2OO 
206 


•  37. 


260 

165 
166 
119 


Magnalium    .          .          . 
Magnetism—General 

Of  Earth 
Magneto — Construction  of 

B.T.H.  12  Cylinder— Plate 
VII. 

Contact  Breaker       .          .         120 

Contact  Breaker  Sticking .  147, 157 

Condenser 

Distributor — Description  of 

Distributor  for  Rotary  En- 
gines .          .          . 

Distributor  Troubles 

Polar  Inductor  Type 

Shutter  Type 

Starting  ;          . 

See  Ignition. 

Manoeuvres — Aerial         .         * 
Maps    .          .          .  .    ... 

Martinsyde  Scout — Plate  X.    . 
Materials — Strength  of    . 
Meteorological  Reports  . 
Millibar 

Miscellaneous  Data 
Misfiring 

Dirty  Distributor     . 
Modifications  and  Repairs 
Modulus  of  Elasticity 
Moments — Law  of 

Of  Inertia 
Monocoque    . 
Monoplane — Plane  Bracing 


33. 


121 
122 

122 
M7 

124 
123 
139 

192 

208 

262 
260 
252 
254 
259 
146 


46 
33 
3 
44,  261 

67 
49 

64 


Nacelle  .... 

Napier  Lion  Engine — Plate  XIV. 
Navigation — General       .          .         210 
Course  and  Track    .          .         212 
Drift  Sight      .          .          .          216 
Example          .          .          .         213 
.211,  216 
218 
—   Struts   and 


Wind 

Wireless 

Nomenclature 

Wires. 

Planes    . 


49 
ii 


Nomenclature  (continued) — 
Propeller 


PAGE 

83 


Oil-Filtering  .          .          .136,154 

Cold  Weather  Precautions  157 

Pumps   ....  100 

Tanks  and  Pipes      .          .  136 

Oiling  Systems — Engine           .  100 

Otto  Cycle     ....  90 

Overhauling  Engines       .          .  148 

Oxygen — Use  of     .          .          .  234 

Parachute     .          .          .          .  249 

Parasol  Monoplane          .          .  49 

Performance  of  an  Aeroplane  31 

Altitude — -Effect  on           .  230 

Petrol  Systems       .         .          .  133 

Dope  Pump    .          .          .  140 

Filters    .          .          .          .  154 

Gauges  .          .          .          .  163 

Piano-Wire — Joints,  etc.          .  77 

Pilot— Qualifications       .          .  187 

Pipes — Materials    .          .          .  129 

Air  Locks        .          .          .  132 

Rubber  Joints          .          .  130 

Vibration  of    .          .          .  131 

Air  Speed  Indicator           .  170 

Pistons           .          .                    .  105 

Pitot — See  Air  Speed  Indicator  169 

Planes — General     .          .    •  48 

Aspect  Ratio  .          .          .  13 

Characteristic  Curves        .  27 

Chord     .          .          .    <•      .  ii 

Construction  ...  50 

End  Effect      .          .          .  13 

Inspection       ...  54 

Pressure  Distribution        .  26 

Repairs            .          * .         .  54 

Rigging          ..-•....     184 

Theory  ...                    .  .  25 

Sections           .          .          .  26 

See  Spars — Ribs. 

Polygon  of  Forces            .  2 

Pre-ignition     .          .          .  148 

Pressure  due  to  Air  Motion      .  8 

Centre  of         .          .          .  9,  25 

On  Inclined  Plate    .          .  10 

Gauges  .          .          .          .  162 

Propeller — General          .          .  81 

Air  Forces  on  Blade          .  82 

Balance — Importance  of  .  88 

Blades — Four  v.  Two        .  86 
Boss       .                              .87 

Care  of            .                   .  89 

Construction,  etc.              .  88 
Efficiency        .                 30,  82,  84 

Loading  of  Blade               .  85 
Pitch      .                              .83 

Shape  of  Blade                  .  84 

Slip                                       .  83 
Swinging          .                    .138 
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Pumps — Oil  . 

Care  of  in  cold  weather 

Radial  Type  of  Engine 

Radiators 

Repairs  to  Structure 

Revolution  Counter 

Ribs — Camber 

Compression 

Construction 

Loading 
Rigid  Airship 
Rigging — General 

Interaction  of  Wires 

System — Importance  of    . 

Tightness — to  be  avoided 

Tools      .          . 

Typical  Jobs  .          * 

Ripping  Panel        .          . 

Roll 

Rolls  Royce  Engine — Plate  II. 
Rotary  Type  Engine       .          . 

Carburettor  for        , 

Gyroscopic  Effect    . 

Oiling     . 

Timing  Gear   .          ... 
Routes — Aerial 
Rubber  as  a  Shock-Absorber  . 
Rudder  Controls    .         + 

Action  during  Turn  » 

Rules  of  the  Air     .         ..         . 

Safety — Factor  of 

Seaplanes      .         •  .',»••     ., 

Sheds— General      .        V.          . 

Fire  Precautions      .         « 

Lighting 
Shock-Absorber — Rubber 

Oleo  Type 
Siddeley-Deasy  Puma  Engine 

—Plate  V. 

Side-slip         .... 
Side  Surfaces — Stabilising  Effect 

Effect  in  Turning     . 
Skid— See  Tail  Skid. 
Slip  Stream  Effect 

Of  Propeller    . 
Sopwith  Dragon— Plate  XIII. 

Camel— Plate  VI.     . 
Span  of  Plane 
Sparking  Plugs — Construction 

Care  of  . 

Failure  of 
Spars — Loads  on 

Construction  of 
Spin     . 
Splices 
Stability — General 

Fore  and  Aft 


PAGE 

Stability  (continued)  —                      PAGE 

IOO 

Directional      .          .          .16 

,  22 

157 

Lateral  .          .          .          .15 

,  22 

Weight  —  Disposal  of         , 

24 

42 

Stagger          .          .          .          .49, 

185 

137 

Stalling          .... 

194 

46 

Starting  —  Compressed  Air 

140 

159 

Dope  Pump    .          . 

140 

51 

Magneto 

139 

51 

Vaporiser 

140 

53 
52 

Steels  —  Types  used  in  Aircraft  34, 
Straight-Edge 

260 

176 

247 

Streamline  Flow     . 

173 

Streamlining  —  Theory  of 

8 

174 

Economy  of     ... 

19 

179 

Strain  and  Stress   . 

33 

174 

Strength  of  Materials      . 

260 

175 

Stress  beyond  Elastic  Limit    . 

34 

177 

Struts  and  Wires  —  General 

73 

242 

Struts—  Strength  of 

43 

200 

Bending  —  to  be  avoided   . 

44 

Built-up  and  Composite    . 

74 

93 

End  Fittings  .          .      •«. 

74 

Long  —  Staying  of    . 

45 

93 

Structural  Principles 

40 

93,  102 

Switches—  On  and  Off  Positions 

59 

103 

Wiring  —  Method  of 

124 

256 

Synchronisation     . 

149 

4° 

57-59 

Tail  Plane—  Stabilising  Effect  of 

14 

16,  197 

Adjustable      .                 ,  . 

59 

202 

Rigging            .          .'         .177, 
Tail  Skid  —  General 

185 

45 

Care  of  .          .          . 

72 

249 

Control  of 

59 

225 

Tanks  .          .          .          .          ,, 

128 

225 

Taxying         ... 

263 

226 

Thermometer         .          . 

164 

40,  70 

Tools    .          .          , 

175 

69 

Torque 

6 

Track  —  See  Navigation. 

Trammels      .          .          .          . 

177 

199 

Triangle  of  Forces           . 

2 

b            22 

Of  Velocities  .          .          . 

212 

16 

Turn  —  General 

16 

Compass  Errors  during 

169 

56 

Control  during 

196 

83 

Indicator 

!64 

Wind  —  Up  and  Down 

204 

262 

ii 

Ultimate  Stress      . 

33 

124 

Undercarriage  —  General 

68 

127 

Care  of  . 

71 

146 

Desiderata 

68 

47 

Rigging 

183 

51 

201 

V  Type  Engine 

92 

77 

Valves  —  General    . 

102 

20 

Relief  for  Oil  . 

101 

14,  21 

Springs  .... 

102 

INDEX 
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Valves  (continued) —  PAGE 

Timing  ....  91 

Weak  Mixture— Effect  of  143 

Variation— Magnetic       .          .166,211 

Vector  Diagrams    .          .          .  i,  212 

Vernier  Plate  Coupling   .          .  103 

Vickers  Vimy — Plate  I.  .          .  262 

Wash  In— Wash  Out      .          .  185 

Water  System — General           .  137 
Boiling  Point  affected  by 

Height         .          .          .  164 
Conservation  of        .          .137,157 

Cold  Weather  Precautions  156 

Weather — General           .          .  251 

Cold — Effects  of       .          .  156 

Variations — Causes  of       .  253 
See  Wind. 

Weight — Disposition  of  .          .  24 

Wheels           ....  70 


PAGE 

Wind — Direction  .  .  .216,  224 
Beaufort  Scale  of  .  .  265 
Pressure  Distribution  in 

relation  to  .          .          .         254 

Wireless  Navigation        .          .         218 

Wires — Care  of       ...  79 

End  Fittings  ...  76 

See  Piano  and  Cable. 

Wiring  Plates         .          .          .     75-78 

Wood — Species      .         .         .  38,260 

Conversion  and  Seasoning  39 

Workshops    .          .         .         .156,227 


Yawing 
Yield  Point  . 


23 
33 


Zenith       Carburettor  —  Plate 

VIII.  .          .          .  109,  115 

Zooming        .         .         .         .         195 
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Bain  (P.  W.)— 

A  DIGIT  OF  THE  MOON  :  A  Hindoo  Love 
Story.  THE  DESCENT  OF  THE  SON:  A 
Cycle  of  Birth.  A  HEIFER  or  THE  DAWN. 
IN  THE  GREAT  GOD'S  HAIR.  A  DRAUGHT 
OF  THE  BLUE.  AN  ESSENCE  OF  THE  DUSK. 
AN  INCARNATION  OF  THE  SNOW.  A  MINE 
OF  FAULTS.  THE  ASHES  OF  A  GOD. 
BUBBLES  OF  THE  FOAM.  A  SYRUP  OF  THE 
BEES.  THE  LIVERY  OF  EVE.  THE  SUB- 
STANCE OF  A  DREAM.  All  Fcap.  8vo.  $s. 
net.  AN  ECHO  OF  THE  SPHERES.  Wide 
Demy.  12*.  6d.  net. 

Balfour  (Graham).  THE  LIFE  OF 
ROBERT  LOUIS  STEVENSON.  Fif- 
teenth Edition.  In  one  Volume.  Cr.  Zvo. 
Buckram,  js.  6d.  net. 

Belloc  (H.)— 

PARIS,  8s.  6d.  net.  HILLS  AND  THE  SEA,  6*. 
net.  ON  NOTHING  AND  KINDRED  SUBJECTS, 
6s.  net.  ON  EVERYTHING,  6s.  net.  ON  SOME- 
THING, 6s.  net.  FIRST  AND  LAST,  dr.  net. 
THIS  AND  THAT  AND  THE  OTHER,  6s.  net. 
MARIE  ANTOINETTE,  i&r.  net.  THE  PYRE- 
NEES, ioj.  6d.  net. 

Bloemfontein  (Bishop  of).  ARA  CGELI : 
AN  ESSAY  IN  MYSTICAL  THEOLOGY. 
Seventh  Edition.  Cr.  Zvo.  55.  net. 

FAITH  AND  EXPERIENCE.  Third 
Edition.  Cr.  Zvo.  5*.  net. 

THE  CULT  OF  THE  PASSING 
MOMENT.  Fourth  Edition.  C>.  8vo. 

THE^ENGLISH    CHURCH   AND    RE- 

UNION.    Cr.  too.    y.net. 
SCALA  MUNDI.    Cr.  Zoo.    4*.  6d.  net. 

Chesterton  (G.  K.)- 

THE  BALLAD  OF  THE  WHITE  HORSE. 
ALL  THINGS  CONSIDERED.  TREMENDOUS 
TRIFLES.  ALARMS  AND  DISCURSIONS.  A 
MISCELLANY  OF  MEN.  AllFcap.Svo.  6s. 
net.  WINE,  WATER,  AND  SONG.  Fcap.  8vo. 
is.  6d  net. 

Glutton-Brock  (A.).  WHAT  IS  THE  KING- 
DOM OF  HEAVEN?  Fourth  Edition. 
Fcap.  Bzio.  $s.  net. 

ESSAYS  ON  ART.  Second  Edition.  Fcap. 
8vo.  $s.  net. 

Cole  (G.  D.  H.).  SOCIAL  THEORY.  Cr. 
Zvo.  $s.  net. 

Conrad  (Joseph).  THE  MIRROR  OF 
THE  SEA:  Memories  and  Impressions. 
Fourth  Edition.  Fcap.  Svo.  6s.  net. 


Einstein  (A.).  RELATIVITY  :  THE 
SPECIAL  AND  THE  GENERAL 
THEORY.  Translated  by  ROBERT  W. 
LAWSON.  Cr.  8vo.  $s.  net. 

Fyleman  (Rose.).  FAIRIES  AND  CHIM- 
NEYS. Fcap.  too.  Sixth  Edition. 
35.  6d.  net. 

THE  FAIRY  GREEN.  Third  Edition. 
Fcap.  800.  35.  6d.  net. 

Gibbins  (H.  de  B.).  INDUSTRY  IN 
ENGLAND:  HISTORICAL  OUT- 
LINES. With  Maps  and  Plans.  Tenth 
Edition.  Demy  8vo.  izr.  6d.  net. 

THE  INDUSTRIAL  HISTORY  OF 
ENGLAND.  With  5  Maps  and  a  Plan. 
Twenty-seventh  Edition.  Cr.  8vo.  $s. 

Gibbon  (Edward).  THE  DECLINE  AND 
FALL  OF  THE  ROMAN  EMPIRE. 
Edited,  with  Notes,  Appendices,  and  Maps, 
byj.  B.  BURY.  Illustrated.  Seven  Volumes. 
Demy  8vo.  Illustrated.  Each  i2j.  6d.  net. 
Also  in  Seven  Volumes.  Cr.  Bvo.  Each 
js.  6d.  net. 

Glover  (T.  R.).  THE  CONFLICT  OF 
RELIGIONS  IN  THE  EARLY  ROMAN 
EMPIRE.  Eighth  Edition.  Demy  8vo. 
IQS.  6d.  net. 

POETS  AND  PURITANS.  Second  Edition. 
Demy  &vo.  IQJ.  6d.  net. 

FROM  PERICLES  TO  PHILIP.  Third 
Edition.  Demy  %vo.  los.  6d.  net. 

VIRGIL.  Fourth  Edition.  Demy  8vo. 
los.  6d.  net. 

THE  CHRISTIAN  TRADITION  AND 
ITS  VERIFICATION.  (The  Angus  Lec- 
ture for  1912.)  Second  Edition.  Cr.  &vo. 
6s.  net. 

Grahame  (Kenneth).  THE  WIND  IN 
THE  WILLOWS.  Tenth  Edition.  Cr. 
%vo.  js.  6d.  net. 

Hall  (H.  R.).  THE  ANCIENT  HISTORY 
OF  THE  NEAR  EAST  FROM  THE 
EARLIEST  TIMES  TO  THE  BATTLE 
OF  SALAMIS.  Illustrated.  Fourth  Edi- 
tion. Demy  8vo.  i6s.  net. 

Hobson  (J.  A.).  INTERNATIONAL 
TRADE  :  AN  APPLICATION  OF  ECONOMIC 
THEORY.  Cr.  8vo.  5?.  net. 

PROBLEMS  OF  POVERTY:  AN  INQUIRY 
INTO  THE  INDUSTRIAL  CONDITION  OF  THE 
POOR.  Eighth  Edition.  Cr.  8vo.  ss.  net. 

THE  PROBLEM  OF  THE  UN- 
EMPLOYED :  AN  INQUIRY  AND  AN 
ECONOMIC  POLICY.  Sixth  Edition.  Cr.  8vo. 
5s.  net. 
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GOLD,  PRICES  AND  WAGES  :  WITH  AN 

EXAMINATION  OF  THE  QUANTITY  THEORY. 

Second  Edition.    Cr.  8v0.    $s.  net. 
TAXATION    IN    THE     NEW    STATE. 

Cr.  8vo.     6s.  net. 
Holdsworth  (W.  S.).     A   HISTORY  OF 

ENGLISH    LAW.      Vol.    /.,    //.,    ///., 

Each.  Second  Edition.    Demy  8v0.    Each 

15$.  net. 
Inge  (W.  R.).    CHRISTIAN  MYSTICISM. 

(The  Bampton  Lectures  of  1899.)    Fourth 

Edition.    Cr.  8vo.     75.  6d.  net. 
Jenks  (15.).     AN   OUTLINE    OF   ENG- 
LISH LOCAL  GOVERNMENT.  Fourth 

Edition.   Revised  by  R.  C.  K.  ENSOR.    Cr. 

800.     5-r.  net. 
A     SHORT    HISTORY    OF    ENGLISH 

LAW:    FROM  THE   EARLIEST    TIMES    TO 

THE    END    OF    THE    YEAR    iQii.     Second 

Edition,  revised.     Demy  8vo.     ivs.  6d.  net. 
Julian  (Lady)  of  Norwich.     REVELA- 
TIONS OF  DIVINE  LOVE.    Edited  by 

GRACE  WARRACK.    Seventh  Edition.    Cr. 

8v0.    $s.  net. 

KeatS  (John).  POEMS.  Edited,  with  Intro- 
duction and  Notes,  by  E.  de  SELINCOURT. 

With    a     Frontispiece     in     Photogravure. 

Third  Edition.    Demy  8v0.     los.  6d.  net. 
Kipling    (Rudyard).     BARRACK-ROOM 

BALLADS.      2o$th    Thousand.    Cr.   8vo. 

Buckram,    75.    6d.    net.    Also  Fcap.   8v0. 

Cloth,  6s.  net;  leather,  75.  6d.  net. 

Also   a    Service    Edition.      Two  Volumes. 

Square  fcap.  8v0.    Each  35.  net. 
THE    SEVEN    SEAS.     152^    Thousand. 

Cr.  %vo.    Buckram,  js.  6d.  net.    Also  Fcap. 

%vo.    Cloth,  6s.  net;  leather,  ^s.  6d.  net. 

Also   a    Service  Edition.      Two   Volumes. 

Square  fcap.  8vo.    Each  3.1.  net. 
THE  FIVE  NATIONS.     ™6th   Thousand. 

Cr.  Boo.    Buckram,  -js.  6d.  net.    Also  Fcap. 

8vo.     Cloth,  6s.  net;  leather,  75.  6d.  net. 

Also  a  Service   Edition.      Two    Volumes. 

Square  fcap.  8vo.    Each  3*.  net. 
DEPARTMENTAL  DITTIES.  g\th  Thou- 
sand.    Cr.    8v0.    Buckram,    -js.    6d.    net. 

Also  Fcap.  8vo.     Cloth,   dr.  net;    leather, 

75.  6d.  net. 

Also    a    Service    Edition.     Two    Volumes. 

Square  fcap.  8v0.     Each  $s.  net. 
THE     YEARS     BETWEEN.      Cr.      8vo. 

Buckram,  75.  6d.  net.     A  Iso  on  thin  paper. 

Fcap.    8vo.    Blue   cloth,    6s.    net;    Limp 

lambskin,  7S.  6d.  net. 

Also   a    Service    Edition.     Two    Volumes. 

Square  fcap.  8v0.     Each  ^s.  net. 
HYMN  BEFORE  ACTION.     Illuminated. 

Fcap.  ito.     is.  6d.  net. 
RECESSIONAL.    Illuminated.    Fcap.   4*0. 

TWENTY  'POEMS  FROM  RUDYARD 
KIPLING.  360^  Thousand.  Fcap.  8vo. 

Lamb*(Charles  and  Mary).  THE  COM- 
PLETE WORKS.  Edited  by  E.  V.  LUCAS. 
A  New  and  Revised  Edition  in  Six  Volumes. 
With  Frontispieces.  Fcap.  8z*.  Each  6s.  ntt. 


The  volumes  are  : — 

i.  MISCELLANEOUS  PROSE,  n.  ELIA  AND 
THE  LAST  ESSAY  OF  ELIA.  in.  BOOKS 
FOR  CHILDREN,  iv.  PLAYS  AND  POEMS. 
v.  and  vi.  LETTERS. 

Lankester  (Sir  Ray).  SCIENCE  FROM 
AN  EASY  CHAIR.  Illustrated.  Thirteenth 
Edition.  Cr.  8vo.  js.  6d.  net. 

SCIENCE  FROM  AN  EASY  CHAIR. 
Illustrated.  Second  Series.  Third  Edition. 
Cr.  8vo.  75.  6d.  net. 

DIVERSIONS  OF  A  NATURALIST. 
Illustrated.  Third  Edition.  Cr.  8vo. 
7s.  6d.  net. 

SECRETS  OF  EARTH  AND  SEA.  Cr. 
8v0.  8s.  6d  net. 

Lodge  (Sir  Oliver).  MAN  AND  THE 
UNIVERSE  :  A  STUDY  OF  THE  INFLUENCE 
OF  THE  ADVANCE  IN  SCIENTIFIC  KNOW- 
LEDGE UPON  OUR  UNDERSTANDING  OF 
CHRISTIANITY.  Ninth  Edition.  Crown  8v0. 
75.  6d.  net. 

THE  SURVIVAL  OF  MAN :  A  STUDY  IN 
UNRECOGNISED  HUMAN  FACULTY.  Seventh 
Edition.  Cr.  8v0.  75.  6d.  net. 

MODERN  PROBLEMS.  Cr.  8v0.  7s.  6d. 
net. 

RAYMOND  ;  OR  LIFE  AND  DEATH.  Illus- 
trated.  Twelfth  Edition.  Demy  8v0.  i$s. 
net. 

THE  WAR  AND  AFTER :  SHORT  CHAP- 
TERS ON  SUBJECTS  OF  SERIOUS  PRACTICAL 
IMPORT  FOR  THE  AVERAGE  CITIZEN  IN  A.D. 
1915  ONWARDS.  Eighth  Edition.  Fcap 
8v0.  2S.  net. 

Lucas  (E.  Y.). 

THE  LIFE  OF  CHARLES  LAMB,  2  vols.,  zis. 
net.  A  WANDERER  IN  HOLLAND,  ior.  6d.  net. 
A  WANDERER  IN  LONDON,  IQS.  6d.  net. 
LONDON  REVISITED,  IDJ.  6d.  net.  A  WAN- 
DERER IN  PARIS,  ioj.  6d.  net  and  dr.  net.  A 
WANDERER  IN  FLORENCE,  IQS.  6d.  net. 
A  WANDERER  IN  VENICE,  ior.  6d.  net.  THE 
OPEN  ROAD  :  A  Little  Book  for  Wayfarers, 
6s.  6d.  net  and  7$.  6d.  net.  THE  FRIENDLY 
TOWN  :  A  Little  Book  for  the  Urbane,  6s. 
net.  FIRESIDE  AND  SUNSHINE,  6s.  net. 
CHARACTER  AND  COMEDY,  dr.  net.  THE 
GENTLEST  ART:  A  Choice  of  Letters  by 
Entertaining  Hands,  6s.  6d.  net.  THE 
SECOND  POST,  6s.  net.  HER  INFINITE 
VARIETY  :  A  Feminine  Portrait  Gallery,  6s. 
net.  GOOD  COMPANY  :  A  Rally  of  Men,  6s. 
net.  ONE  DAY  AND  ANOTHER,  dr.  net. 
OLD  LAMPS  FOR  NEW,  6s.  net.  LOITERER'S 
HARVEST,  6s.  net.  CLOUD  AND  SILVER,  6s. 
net.  LISTENER'S  LURE:  An  Oblique  Nar- 
ration, dr.  net.  OVER  BEMERTON'S:  An 
Easy-Going  Chronicle,  dr.  net.  MR.  INGLE- 
SIDE,  dr.  net.  LONDON  LAVENDER,  dr.  net. 
LANDMARKS,  dr.  net.  A  BOSWELL  OF 
BAGHDAD,  AND  OTHER  ESSAYS,  dr.  net. 
TWIXT  EAGLE  AND  DOVE,  dr.  net.  THE 
PHANTOM  JOURNAL,  AND  OTHER  ESSAYS  AND 
DIVERSIONS,  dr.  net.  THE  BRITISH  SCHOOL  : 
An  Anecdotal  Guide  to  the  British  Painters 
and  Paintings  in  the  National  Gallery,  dr.  net. 
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McDougall  (William).  AN  INTRODUC- 
TION TO  SOCIAL  PSYCHOLOGY. 
Fifteenth  Edition.  Cr.  too.  js.  6d.  net. 

BODY  AND  MIND:  A  HISTORY  AND  A 
DEFENCE  OF  ANIMISM.  Fourth  Edition. 
Demy  too.  izs.  6d.  net. 

Maeterlinck  (Maurice)— 

THE  BLUE  BIRD  :  A  Fairy  Play  in  Six  Acts, 
6s.  net.  MARY  MAGDALENE  :  A  Play  in 
Three  Acts,  $s.  net.  DEATH,  3*.  6d.  net. 
OUR  ETERNITY,  6s.  net.  THE  UNKNOWN 
GUEST,  6s.  net.  POEMS,  $s.  net.  THE 
WRACK  OF  THE  STORM,  6s.  net.  THE 
MIRACLE  OF  ST.  ANTHONY  :  A  Play  in  One 
Act,  3J.  6d.  net.  THE  BURGOMASTER  OF 
STILEMONDE  :  A  Play  in  Three  Acts,  5^. 
net.  THE  BETROTHAL  ;  or,  The  Blue  Bird 
Chooses,  6s.  net.  MOUNTAIN  PATHS,  6s. 
net. 

Milne  (A.  A.).  THE  DAY'S  PLAY.  THE 
HOLIDAY  ROUND.  ONCE  A  WEEK.  All 
Cr.  too.  js.  net.  NOT  THAT  IT  MATTERS. 
Fcap  too  6s.  net. 

Oxenham  (John)— 

BEES  IN  AMBER  ;  A  Little  Book  of  Thought- 
ful Verse.  ALL'S  WELL:  A  Collection  of 
War  Poems.  THE  KING'S  HIGH  WAY.  THE 
VISION  SPLENDID.  THE  FIERY  CROSS. 
HIGH  ALTARS:  The  Record  of  a  Visit  to 
the  Battlefields  of  France  and  Flanders. 
HEARTS  COURAGEOUS.  ALL  CLEAR  ! 
WINDS  OF  THE  DAWN.  All  Small  Pott 
too.  Paper,  is.  yi.  net ;  cloth  boards,  as. 
net.  GENTLEMEN — THE  KING,  zs.  net. 

Petrie  (W.   M.  Flinder»).    A   HISTORY 

OF    EGYPT.    Illustrated.    Six   Volumes. 

Cr.  too.    Each  gs.  net. 
VOL.    I.    FROM  THE    IST  TO   THE   XVIra 

DYNASTY.    Ninth  Edition.     IQJ.  6d.  net. 
VOL.    II.      THE   XVIlTH     AND     XVIIlTH 

DYNASTIES.    Sixth  Edition. 
VOL.  III.  XIXTH  TO  XXXTH  DYNASTIES. 

Second  Edition. 
VOL.   IV.      EGYPT  UNDER  THE  PTOLEMAIC 

DYNASTY.  J.  P.  MAHAFFY.  Second  Edition. 
VOL.  V.    EGYPT  UNDER  ROMAN  RULE.  J.  G. 

MILNE.     Second  Edition. 
VOL.  VI.    EGYPT   IN  THE    MIDDLE    AGES. 

STANLEY  LANE  POOLE.    Second  Edition. 
SYRIA  AND  EGYPT.  FROM  THE  TELL 

EL    AMARNA    LETTERS.      Cr.    tot. 

$s.  net. 
EGYPTIAN  TALES.    Translated  from  th« 

Papyri.    First  Series,  ivth  to  xnth  Dynasty. 

Illustrated.      Third     Edition.      Cr.    too. 

$s.  net. 

EGYPTIAN  TALES.  Translated  from  the 
Papyri.  Second  Series,  XVIIITH  to  XIXTH 
Dynasty.  Illustrated.  Second  Edition. 
Cr.  8vo.  $s.  net. 

Pollard  (A.  P.).  A  SHORT  HISTORY 
OF  THE  GREAT  WAR.  With  19  Maps. 
Second  Edition.  Cr.  too.  ios.6d.net. 


Price  (L.  L.).  A  SHORT  HISTORY  OF 
POLITICAL  ECONOMY  IN  ENGLAND 
FROM  ADAM  SMITH  TO  ARNOLD 
TOYNBEE.  Ninth  Edition.  Cr.  8vo. 
$s.  net. 

Reid  (G.  Archdall).  THE  LAWS  OF 
HEREDITY.  Second  Edition.  Demy  too. 
£i  is.  net. 

Robertson  (C.  Grant).  SELECT  STAT- 
UTES, CASES,  AND  DOCUMENTS, 
1660-1832.  Third  Edition.  Demy  too. 
i$s.  net. 

Selous  (Edmund).  TOMMY  SMITH'S 
ANIMALS.  Illustrated.  Eighteenth  Edi- 
tion. Fcap.  too.  3,?.  6d.  net. 

TOMMY  SMITH'S  OTHER  ANIMALS. 
Illustrated.  Eleventh  Edition.  Fcap.  8vo. 
3-y.  6d.  net. 

TOMMY  SMITH  AT  THE  ZOO.  Illus- 
trated. Fourth  Edition.  Fcap.  too. 

TOMMY  SMITH  AGAIN  AT  THE  ZOO. 
Illustrated.  Second  Edition.  Fcap.  8vo. 

JACK)'S  INSECTS.  Illustrated.  Cr.  too.  6s. 
net. 

JACK'S  INSECTS.  Popular  Edition.  Vol. 
/.  Cr.  too.  3s.  6d. 

Shelley  (Percy  Bysshe).  POEMS.  With 
an  Introduction  by  A.  CLUTTON-BROCK  and 
Notes  by  C.  D.  LOCOCK.  Two  Volumes. 
Demy  too.  £n  is.  net. 

Smith  (Adam).  THE  WEALTH  OF 
NATIONS.  Edited  by  EDWIN  CANNAN. 
Two  Volumes.  Second  Edition.  Demy 
too.  £i  5s.  net. 

Stevenson  (R.  L.).  THE  LETTERS  OF 
ROBERT  LOUIS  STEVENSON.  Edited 
by  Sir  SIDNEY  COLVIN.  A  New  Re- 
arranged Edition  in  four  volumes.  Fourth 
Edition.  Fcap.  too.  Each  6s.  net. 

Surtees  (R.  S.).  HANDLEY  CROSS. 
Illustrated.  Ninth  Edition.  Fcap.  too. 
js.  6d.  net. 

MR.  SPONGE'S  SPORTING  TOUR. 
Illustrated.  Fifth  Edition.  Fcap.  too. 
js.  6d.  net. 

ASK  MAMMA:  OR,  THE  RICHEST 
COMMONER  IN  ENGLAND.  Illus- 
trated. Second  Edition.  Fcap.  too.  js.  6d. 
net. 

JORROCKS'S  JAUNTS  AND  JOLLI- 
TIES. Illustrated.  Seventh  Edition. 
Fcap.  too.  6s.  net. 

MR.  FACEY  ROMFORD'S  HOUNDS. 
Illustrated.  Third  Edition.  Fcap.  too. 
•js.  6d.  net. 

HAWBUCK  GRANGE ;  OR,  THE  SPORT- 
ING ADVENTURES  OF  THOMAS 
SCOTT,  ESQ.  Illustrated.  Fcap.  too. 
6s.  net. 

PLAIN  OR  RINGLETS?  Illustrated. 
Fcap.  too.  js.  6d.  net. 

HILLINGDON  HALL.  With  12  Coloured 
Plates  by  WILDRAKE,  HEATH,  and  JELLI- 
COE.  Fcap.  too.  js.  6d.  net. 
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Tileaton  (Mary  W.).   DAILY  STRENGTH 

FOR    DAILY    NEEDS.       Twenty-sixth 

Edition,    Medium.  i6mo.     3$.  6d.  net. 
Underbill    (Evelyn).     MYSTICISM.     A 

Study  in  the  Nature  and  Development  of 

Man's    Spiritual     Consciousness.       Eighth 

Edition.    Demy  8vo.     15$.  net, 
Yardon  (Harry).   HOW  TO  PLAY  GOLF. 

Illustrated.     Thirteenth  Edition.    Cr.  8v0. 

5J.  net. 
Waterhouse    (Elizabeth).      A     LITTLE 

BOOK     OF      LIFE     AND      DEATH. 

Twentieth     Edition.       Small    Pott    8v0. 

Cloth,  zs.  6et.  net. 
Wells   (J.).     A    SHORT   HISTORY   OF 

ROME.      Seventeenth    Edition.    With    3 

Maps.     Cr.  Bv0.    6s. 
Wilde  (Oscar).   THE  WORKS  OF  OSCAR 

WILDE.    Fcap.  Zvo.     Each  6s.  6d.  net. 
i.  LORD  ARTHUR  SAVILE'S  CRIME  AND 

THE  PORTRAIT  OF  MR.  W.  H.     n.    THE 

DUCHESS    OF    PADUA,      in.    POEMS,      iv. 

LADY  WINDERMERE'S  FAN.    v.  A  WOMAN 

OF  No  IMPORTANCE,    vi.  AN  IDEAL  HUS- 


BAND, vn.  THE  IMPORTANCE  OF  BEING 
EARNEST,  vni.  A  HOUSE  OF  POME- 
GRANATES, ix.  INTENTIONS,  x.  DE  PRO- 

FUNDIS  AND  PRISON  LETTERS.     XI.  ESSAYS. 

xn.  SALOME,  A  FLORENTINE  TRAGEDY, 
and  LA  SAINTE  COURTISANE.  xni.  A 
CRITIC  IN  PALL  MALL.  xiv.  SELECTED 
PROSE  OF  OSCAR  WILDE,  xv.  ART  AND 
DECORATION. 

A  HOUSE  OF  POMEGRANATES.     Illus- 
trated.    Cr.  qto.    sis.  net. 

Wood  (Lieut.  W.  B.)  and  Edmonds  (Ool. 

J.  E.).    A  HISTORY  OF  THE  CIVIL 

WAR     IN     THE     UNITED    STATES 

(1861-65).  With  an  Introduction  by  SPENSER 

WILKINSON.     With    24    Maps    and    Plans. 

Third  Edition.    Demy  Sve.     155.  net. 
Wordsworth    (W.).     POEMS.     With    an 

Introduction    and    Notes    by  NOWELL    C. 

SMITH.     Three  Volumes.    Demy  8vo.    i8j. 

net. 
Yeats   (W.    B.).      A    BOOK    OF    IRISH 

VERSE.       Fourth    Edition.       Cr.    Zvo. 

^s.  net. 


PART   II. — A   SELECTION   OF   SERIES 
Ancient  Cities 

General  Editor,  SIR  B.  C.  A.  WINDLE 

Cr.  Svo.     6s.  net  each  volume 
With  Illustrations  by  E.  H.  NEW,  and  other  Artists 

BRISTOL.     CANTERBURY.     CHESTER.     DUB-  1  EDINBURGH.         LINCOLN.         SHREWSBURY. 
LIN.  WELLS  and  GLASTONBURY. 


The  Antiquary's  Books 

General  Editor,  J.  CHARLES  COX 

Demy  Svo.     los.  6d.  net  each  volume 

With  Numerous  Illustrations 


ANCIENT  PAINTED  GLASS  IN  ENGLAND. 
ARCHEOLOGY  AND  FALSE  ANTIQUITIES. 
THE  BELLS  OF  ENGLAND.  THE  BRASSES 
OF  ENGLAND.  THE  CASTLES  AND  WALLED 
TOWNS  OF  ENGLAND.  CELTIC  ART  IN 
PAGAN  AND  CHRISTIAN  TIMES.  CHURCH- 
WARDENS' ACCOUNTS.  THE  DOMESDAY 
INQUEST.  ENGLISH  CHURCH  FURNITURE. 
ENGLISH  COSTUME.  ENGLISH  MONASTIC 
LIFE.  ENGLISH  SEALS.  FOLK-LORE  AS 
AN  HISTORICAL  SCIENCE.  THE  GILDS  AND 
COMPANIES  OF  LONDON.  THE  HERMITS 
AND  ANCHORITES  OP  ENGLAND.  THE 


MANOR  AND  MANORIAL  RECORDS.  THE 
MEDIEVAL  HOSPITALS  OF  ENGLAND. 
OLD  ENGLISH  INSTRUMENTS  OF  Music. 
OLD  ENGLISH  LIBRARIES.  OLD  SERVICE 
BOOKS  OF  THE  ENGLISH  CHURCH.  PARISH 
LIFE  IN  MEDIEVAL  ENGLAND.  THE 
PARISH  REGISTERS  OF  ENGLAND.  RE- 
MAINS OF  THE  PREHISTORIC  AGE  IN  ENG- 
LAND. THE  ROMAN  ERA  IN  BRITAIN. 
ROMANO-BRITISH  BUILDINGS  AND  EARTH- 
WORKS. THE  ROYAL  FORESTS  OF  ENG- 
LAND. THE  SCHOOLS  OF  MEDIEVAL  ENG- 
LAND. SHRINES  OF  BRITISH  SAINTS. 
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The  Arden  Shakespeare 

General  Editor,  R.  H.  CASE 
Demy  8vo.     6s.  net  each  volume 

An  edition  of  Shakespeare  in  Single  Plays  ;  each  edited  with  a  full  Introduction, 
Textual  Notes,  and  a  Commentary  at  the  foot  of  the  page. 


Classics  of  Art 

Edited  by  DR.  J.  H.  W.  LAING 

With  numerous  Illustrations.      Wide  Royal  8vo 


THE  ART  OF  THE  GREEKS,  15*.  net.  THE 
ART  OF  THE  ROMANS,  16*.  net.  CHARDIN, 
155.  net.  DONATELLO,  i6s.  net.  GEORGE 
ROMNEY,  isj.  net.  GHIRLANDAIO,  i$j.  net. 
LAWRENCE,  25*.  net.  MICHELANGELO,  15$. 


net.  RAPHAEL,  15*.  net.  REMBRANDT'S 
ETCHINGS,  Two  Vols.,  25^.  net.  TINTOR- 
ETTO, i6s.  net.  TITIAN,  i&r.  net.  TURNER'S 
SKETCHES  AND  DRAWINGS,  15*.  net. 
VELAZQUEZ,  15$.  net. 


The  'Complete'  Series 

Fully  Illustrated.     Demy  8vo 


THE  COMPLETE  AMATEUR  BOXER,  ios.  fxt. 
net.  THE  COMPLETE  ASSOCIATION  FOOT- 
BALLER, ioj.  6d.  net.  THE  COMPLETE 
ATHLETIC  TRAINER,  ior.  6d.  net.  THE 
COMPLETE  BILLIARD  PLAYER,  izs.  6d. 
net.  THE  COMPLETE  COOK,  to*.  6d.  net. 
THE  COMPLETE  CRICKETER,  ioy.  6d.  net. 
THE  COMPLETE  FOXHUNTER,  i6j.  net. 
THE  COMPLETE  GOLFER,  i2j.  6d.  net. 
THE  COMPLETE  HOCKEY-PLAYER,  i«.  6d. 
net.  THE  COMPLETE  HORSEMAN,  12*.  6d. 


net.  THE  COMPLETE  JUJITSUAN,  5*.  net. 
THE  COMPLETE  LAWN  TENNIS  PLAYER, 
i2J.  6d.  net.  THE  COMPLETE  MOTORIST, 
los.  6d.  net.  THE  COMPLETE  MOUNTAIN- 
EER, 161.  net.  THE  COMPLETE  OARSMAN, 
15*.  net.  THE  COMPLETE  PHOTOGRAPHER, 
15*.  net.  THE  COMPLETE  RUGBY  FOOT- 
BALLER, ON  THE  NEW  ZEALAND  SYSTEM, 
i2j.  6d.  net.  THE  COMPLETE  SHOT,  i6s. 
net.  THE  COMPLETE  SWIMMER,  ios.  6rf. 
net.  THE  COMPLETE  YACHTSMAN,  i6j.  net. 


The  Connoisseur's  Library 

With  numerous  Illustrations.     Wide  Royal  8vo.     2$s.  net  each  volume 


ENGLISH  COLOURED  BOOKS.  ENGLISH  FUR- 
NITURE. ETCHINGS.  EUROPEAN  ENAMELS. 
FINE  BOOKS.  GLASS.  GOLDSMITHS'  AND 
SILVERSMITHS'  WORK.  ILLUMINATED 


MANUSCRIPTS.  IVORIES.  JEWELLERY. 
MEZZOTINTS.  MINIATURES.  PORCELAIN. 
SEALS.  WOOD  SCULPTURE. 


Handbooks  of  Theology 

Demy  8vo 


THE  DOCTRINE  OF  THE  INCARNATION,  15$. 
net.  A  HISTORY  OF  EARLY  CHRISTIAN 
DOCTRINE,  i6j.  net.  INTRODUCTION  TO 
THE  HISTORY  OF  RELIGION,  tar.  6d.  net. 
AN  INTRODUCTION  TO  THE  HISTORY  OF 


THE  CREEDS,  iw.  6d.  net.  THE  PHILOSOPHY 
OF  RELIGION  IN  ENGLAND  AND  AMERICA, 
12 j.  6d.  net.  THE  XXXIX  ARTICLES  OF 
THE  CHURCH  OF  ENGLAND,  15*.  net. 


Health  Series 

Fcap.  \ 


THE  BABY.  THE  CARE  or  THE  BODY.  THE 
CARE  OF  THE  TEETH.  THE  EYES  OF  OUR 
CHILDREN.  HEALTH  FOR  THE  MIDDLE- 
AGED.  THE  HEALTH  OF  A  WOMAN.  THE 
HEALTH  OF  THE  SKIN.  How  TO  LIVE 


2s.  6d.  net 

LONG.  THE  PREVENTION  OF  THE  COMMON 
COLD.  STAYING  THE  PLAGUE.  THROAT 
AND  EAR  TROUBLES.  TUBERCULOSIS.  THE 
HEALTH  OF  THE  CHILD,  ?s.  net. 
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Leaders  of  Religion 

Edited  by  H.  C.  BEECHING.       With  Portraits 
Crown  Sv0.     35.  net  each  volume 

The  Library  of  Devotion 

Handy  Editions  of  the  great  Devotional  Books,  well  edited. 

With  Introductions  and  (where  necessary)  Notes 

Small  Pott  8vo,  cloth,  $s.  net  and  $s.  6d.  net 

Little  Books  on  Art 

With  many  Illustrations,     Demy  i6mo.    jfs.  net  each  volume 
Each  volume  consists  of  about  200  pages,  and  contains  from  30  to  40  Illustrations, 

including  a  Frontispiece  in  Photogravure 
ALBRECHT   DDRER.    THE  ARTS  OF  JAPAN. 


BOOKPLATES.  BOTTICELLI.  BURNE-JONES. 
CELLINI.  CHRISTIAN  SYMBOLISM.  CHRIST 
IN  ART.  CLAUDE.  CONSTABLE.  COROT. 
EARLY  ENGLISH  WATER-COLOUR.  ENA- 
MELS. FREDERIC  LEIGHTON.  GEORGE 


BOUCHER.  HOLBEIN.  ILLUMINATED 
MANUSCRIPTS.  JEWELLERY.  JOHN  HOPP- 

NER.      Sir     JOSHDA     REYNOLDS.        MlLLET. 

MINIATURES.  OUR  LADY  IN  ART.  RAPHAEL. 
RODIN.  TURNER.  VANDYCK.  VELAZQUEZ. 
WATTS. 


ROMNEY.      GREEK    ART.      GREUZE   AND 

The  Little  Guides 

With  many  Illustrations  by  E.  H.  NEW  and  other  artists,  and  from  photographs 

Small  Pott  8vo.     4*.  net  and  6s.  net 
Guides  to  the  English  and  Welsh  Counties,  and  some  well-known  districts 

The  main  features  of  these  Guides  are  (i)  a  handy  and  charming  form  ;  (2) 
illustrations  from  photographs  and  by  well-known  artists ;  (3)  good  plans  and 
maps  ;  (4)  an  adequate  but  compact  presentation  of  everything  that  is  interesting 
in  the  natural  features,  history,  archaeology,  and  architecture  of  the  town  or 
district  treated. 

The  Little  Quarto  Shakespeare 

Edited  by  W.  J.  CRAIG.     With  Introductions  and  Notes 

Pott  i6mo.     40   Volumes.     Leather,  price  is.  yd,  net  each  volume 

Cloth,  is.  6d. 

Nine  Plays 

Fcap.  8vo.     35.  6d.  net 


ACROSS    THE   BORDER.     Beulah  Marie  Dix. 

Cr.  Boo. 
HONEYMOON,  THE.    A  Comedy  in  Three  Acts. 

Arnold  Bennett.     Third  Edition. 
GREAT  ADVENTURE,  THE.  A  Play  of  Fancy  in 

Four  Acts.    Arnold  Bennett.   Fifth  Edition. 
MILESTONES.     Arnold  Bennett  and  Edward 

Knoblock.     Ninth  Edition. 
IDEAL  HUSBAND,  AN.    Oscar  Wilde.    Acting 

Edition. 


KISMET.  Edward  Knoblock.  Fourth  Edi- 
tion. 

TYPHOON.  A  Play  in  Four  Acts.  Melchior 
Lengyel.  English  Version  by  Laurence 
Irving.  Second  Edition. 

WARE  CASE,  THE.    George  Pleydell. 

GENERAL  POST.  J.  E.  Harold  Terry.  Second 
Edition. 
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Sports  Series 

Illustrated.     Fcap.  Svo.     2s.  net  and  3*.  ntt 


ALL  ABOUT  FLYING,  3*.  net.  GOLF  Do's 
AND  DONT'S.  THE  GOLFING  SWING.  How 
TO  SWIM.  LAWN  TENNIS,  3^.  net.  SKAT- 


ING, 3*.  net.  CROSS-COUNTRY  SKI-ING,  5*. 
net.  WRESTLING,  zs.  net.  QUICK  CUTS 
TO  GOOD  GOLF,  vs.  64.  net. 


The  Westminstei  Commentaries 

General  Editor,  WALTER  LOCK 
Demy  Svo 


THE  ACTS  OF  THB  APOSTLES,  i6s.  net. 
AMOS,  Bs.  64.  net.  I.  CORINTHIANS,  8*. 
64.  net.  EXODUS,  15*.  net.  EZEKIEL, 
12*.  64.  net.  GENESIS,  idr.  net.  HEBREWS, 
8s.  64.  net.  ISAIAH,  idr.  net.  JEREMIAH, 


idr.  net.  JOB,  8s.  64.  net.  THB  PASTOKAL 
EPISTLES,  8s.  64.  net.  THE  PHILIPPIANS, 
8s.  64.  net.  ST.  JAMES,  8*.  64.  net.  ST. 
MATTHEW,  15$.  net. 


Methuen's  Two-Shilling  Library 

Cheap  Editions  of  many  Popular  Books 
Fcap.  Svo 


PART  III. — A    SELECTION   OF   WORKS   OF   FICTION 


Bennett  (Arnold)— 

CLAYHANGER,  8s.  net.  HILDA  LBSSWAYS, 
8s.  64.  net.  THESE  TWAIN.  THE  CARD. 
THE  REGENT:  A  Five  Towns  Story  of 
Adventure  in  London.  THE  PRICE  OF 
LOVE.  BURIED  ALIVE.  A  MAN  FROM  THE 
NORTH.  THE  MATADOR  OF  THE  FIVB 
TOWNS.  WHOM  GOD  HATH  JOINED.  A 
GREAT  MAN  :  A  Frolic.  All  js.  64.  tut. 

Birmingham  (George  A.)— 
SPANISH     GOLD.     THE    SEARCH   PARTY. 
LALAGE'S  LOVERS.    THE  BAD  TIMES.    UP, 
THE  REBELS.    All  js.  64.  net. 

Burroughs  (Edgar  Rice)— 

TARZAN  OF  THE  APES,  6s.  net.  THE 
RETURN  OF  TARZAN,  6s.  net.  THE  BEASTS 
OF  TARZAN,  6s.  net.  THE  SON  OF  TARZAN, 
6s.  net.  JUNGLE  TALES  OF  TARZAN,  6s. 
net.  TARZAN  AND  THE  JEWELS  OF  OPAR, 
6s.  net.  TARZAN  THE  UNTAMED,  7*.  6d.  net. 
A  PRINCESS  OF  MARS,  dr.  net.  THE  GODS 
OF  MARS,  6s.  net.  THE  WARLORD  OF 
MARS,  6s.  net. 

Conrad  (Joseph).   A  SET  OF  SIX.  Fourth 
Edition.    Cr.  8vo.     7s.  64.  net. 

VICTORY:      AN    ISLAND    TALE.       Sixth 
Edition.    Cr.  8v0.    gs.  net. 


Oorelll  (Marie)— 

A  ROMANCE  OF  Two  WORLDS,  7*.  6d.  net. 
VENDETTA:  or,  The  Story  of  One  For- 
gotten, 8s.  net.  THELMA:  A  Norwegian 
Princess,  8s.  6d.  net.  ARDATH  :  The  Story 
of  a  Dead  Self,  7s.  6d.  net.  THE  SOUL  OF 
LILITH,  7s.  6d.  net.  WORMWOOD  :  A  Drama 
of  Paris,  8s.  net.  BARABBAS  :  A  Dream  of 
the  World's  Tragedy,  8s.  net.  THE  SORROWS 
OF  SATAN,  7s.  64.  net.  THB  MASTER- 
CHRISTIAN,  8s.  6d.  net.  TEMPORAL  POWER  : 
A  Study  in  Supremacy,  dr.  net.  GOD'S 
GOOD  MAN  :  A  Simple  Love  Story,  8s.  6d. 
net.  HOLY  ORDERS:  The  Tragedy  of  a 
Quiet  Life,  8s.  64.  net.  THE  MIGHTY  ATOM, 
7*.  64.  net.  BOY  :  A  Sketch,  7s.  64.  net. 
CAMEOS,  dr.  net.  THK  LIFE  EVERLASTING, 
8s.  64.  net. 

Doyle  (Sir  A.  Conan).  ROUND  THE  RED 
LAMP.  Twelfth  Edition.  Cr.  8vo.  7s.  64. 
net. 

Hichens  (Robert)— 

TONGUES  OF  CONSCIENCE,  7s.  64.  net. 
FELIX  :  Three  Years  in  a  Life,  7*.  64.  net. 
THE  WOMAN  WITH  THE  FAN,  js.  64.  net. 
BYEWAYS,  7s.  64.  net.  THE  GARDEN  OF 
ALLAH,  8s.  64.  net.  THE  CALL  OF  THE 
BLOOD,  8s.  64.  net.  BARBARY  SHEEP,  6s. 
net.  THE  DWELLERS  ON  THE  THRESHOLD, 
7-r.  64.  net.  THE  WAY  OF  AMBITION,  7s. 
64.  net.  IN  THE  WILDERNESS,  ^s.  64.  net. 
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Hope  (Anthony)— 

A  CHANGE  OF  AIR.  A  MAN  OF  MARK. 
THE  CHRONICLES  OF  COUNT  ANTONIO. 
SIMON  DALE.  THE  KING'S  MIRROR. 

?UISANTE.       THE    DOLLY     DIALOGUES. 
ALES  OF  Two  PEOPLE.    A  SERVANT  OF 
THE    PUBLIC.      MRS.    MAXON    PROTESTS. 
A    YOUNG     MAN'S    YEAR.      BEAUMAROY 
HOME  FROM  THE  WARS.    All  75.  6d.  net. 

Jacobs  (W.  W.)— 

MANY  CARGOES,  55.  net  and  zs.  6d.  net. 
SEA  URCHINS,  5*.  net  and  35.  6d.  net. 
A  MASTER  OF  CRAFT,  $s.  net.  LIGHT 
FREIGHTS,  5*.  net.  THE  SKIPPER'S  WOO- 
ING, $s.  net.  AT  SUNWICH  PORT,  5*.  net. 
DIALSTONE  LANE,  5-y.  net.  ODD  CRAFT, 
5*.  net.  THE  LADY  OF  THE  BARGE,  5*.  net. 
SALTHAVEN,  5^.  net.  SAILORS'  KNOTS,  5$. 
net.  SHORT  CRUISES,  $s.  net. 

London  (Jack).  WHITE  FANG.  Ninth 
Edition.  Cr.  Bvo.  75.  6d.  net. 

McKenna  (Stephen)- 
SONIA  :    Between    Two    Worlds,    8s.    net. 
NINETY-SIX    HOURS'  LEAVE,  7*.    6d.  net. 
THE  SIXTH  SENSE,  6s.  net.    MIDAS  &  SON, 
Bs.  net. 

Halet  (Lucas)— 

THE  HISTORY  OF  SIR  RICHARD  CALMADY  : 
A  Romance.  THE  WAGES  OF  SIN.  THE 
CARISSIMA.  THE  GATELESS  BARRIER. 
DEADHAM  HARD.  Alljs.6d.net. 

Mason  (A.  B.  W.).  CLEMENTINA. 
Illustrated.  Ninth  Edition.  Cr.  800.  75. 
6d.  net. 

Maxwell  (W.  B.)— 

VIVIEN.  THE  GUARDED  FLAME.  ODD 
LENGTHS.  HILL  RISE.  THE  REST  CURE. 
All  75.  6d.  net. 

Oxenham  (John)— 

A  WEAVER  OF  WEBS.  PROFIT  AND  Loss. 
THE  SONG  OF  HYACINTH,  and  Other 
Stories.  LAURISTONS.  THE  COIL  OF  CARNE. 
THE  QUEST  OF  THE  GOLDEN  ROSE.  MARY 
ALL-ALONE.  BROKEN  SHACKLES.  "1914." 
All  7s.  6d.  net. 


Parker  (Gilbert)- 

PlERRE  AND  HIS  PEOPLE.     MRS.  FALCHION. 

THE  TRANSLATION  OF  A  SAVAGE.  WHEN 
VALMOND  CAME  TO  PONTIAC  :  The  Story  of 
a  Lost  N  apoleon.  AN  ADVENTURER  OF  THE 
NORTH  :  The  Last  Adventures  of  '  Pretty 
Pierre.'  THE  SEATS  OF  THE  MIGHTY.  THE 
BATTLE  OF  THE  STRONG:  A  Romance 
of  Two  Kingdoms.  THE  POMP  OF  THE 
LAVILETTES.  NORTHERN  LIGHTS.  All 
7S.  6d.  net. 

Phllipotts  (Eden)- 

CHILDREN  OF  THE  MIST.  SONS  OF  THE 
MORNING.  THE  RIVER.  THE  AMERICAN 
PRISONER.  DEMETER'S  DAUGHTER.  THE 
HUMAN  BOY  AND  THE  WAR.  A II  ^s.  6d.  net. 

Ridge  (W.  Pett)— 

A  SON  OF  THE  STATE,  7$.  6d.  net.  THK 
REMINGTON  SENTENCE,  7$.  6d.  net. 
MADAME  PRINCE,  7$.  6d.  net.  TOP  SPEED, 
7s.  6d.  net.  SPECIAL  PERFORMANCES,  6s. 
net.  THE  BUSTLING  HOURS,  ^s.  6d.  net. 

Rohmer  (Sax)— 

THE  DEVIL  DOCTOR.  THE  SI-FAN. 
MYSTERIES.  TALES  OF  SECRET  EGYPT. 
THE  ORCHARD  OF  TEARS.  THE  GOLDEN 
SCORPION.  All7s.6d.net. 

Swinnerton  (F.).  SHOPS  AND  HOUSES. 

Third  Edition.     Cr.  Bvo.     75.  6d.  net. 
SEPTEMBER.      Third  Edition.     Cr.    Boo. 

75.  6d.  net. 

Wells  (H.  0.).     BEALBY.    Fourth  Edition. 
Cr.  Bz/ff.     75.  6d.  net. 

Williamson  (C.  N.  and  A.  M.)— 

THE  LIGHTNING  CONDUCTOR  :  The  Strange 
Adventures  of  a  Motor  Car.  LADY  BETTY 
ACROSS  THE  WATER.  SCARLET  RUNNER. 
LORD  LOVELAND  DISCOVERS  AMERICA. 
THE  GUESTS  OF  HERCULES.  IT  HAPPENED 
IN  EGYPT.  A  SOLDIER  OF  THE  LEGION. 
THE  SHOP  GIRL.  THE  LIGHTNING  CON- 
DUCTRESS. SECRET  HISTORY.  THE  LOVE 
PIRATE.  All  75.  6d.  net.  CRUCIFIX 
CORNER.  6s.  net. 


Methuen's  Two-Shilling  NoYels 

Cheap  Editions  of  many  of  the  most  Popular  Novels  of  the  day 
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Fcap.  8vo 
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